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 Today’s medical professionals are faced with increasing quantities of 
information. Rapidly accumulating and changing knowledge and constantly 
developing diagnostic and treatment options of modern medicine have led to 
ever more complex problems. Because of the information overflow and complex 
problems, working in modern healthcare requires much more than just 
acquiring knowledge. The ability to evaluate different information sources 
critically and to use knowledge to explain and solve problems has become more 
and more important. In order to meet these demands, individual professionals 
need to work in collaboration with other professionals. The role of teamwork has 
become increasingly important for providing good patient care (e.g. Sexton et al. 
2000; Leonard et al. 2004). Many innovations in medical education1 have been 
introduced to respond to these challenges. Problem-based learning (PBL), 
although first introduced decades ago, is still one of the major innovations in 
medical education that has proven useful for developing the competencies 
needed in modern healthcare. The aim in PBL is to integrate the acquisition of 
knowledge with learning how to apply the knowledge to real-life problems. In 
addition to promoting the acquisition and use of knowledge, PBL also aims at 
developing generic skills such as communication, teamwork and critical thinking 
(Norman and Schmidt 1992).  
In a successful PBL process students learn with and from others. In the 
beginning of the process, students define the problem together, and see how 
much they already know about it and formulate their shared learning goals. Then 
they independently study the topic to be able to explain or resolve the problem. 
In the final stage of a PBL process, students come together to work on the 
knowledge they have gained during independent study. Students are then 
expected to collaboratively construct explanations and solutions to the problem. 
Such knowledge construction emphasises students’ ability to create 
collaboratively a shared understanding of the topic by exploring, combining and 
refining each other’s ideas and conceptions of a topic. Conflicting ideas and 
knowledge brought up during discussions may encourage students to explore, 
combine and refine each other’s ideas and understandings. Dealing with 
conflicting ideas and knowledge is thus important for deep learning in PBL (De 
                                                        
1 In the present doctoral thesis, Studies II and III include both medical and dental 
students. During the first two years of study in the Faculty of Medicine at the University 
of Helsinki, medical and dental students attend courses together. In order to keep the text 
concise, the education for both student groups will hereafter be referred to as ‘medical 
education’. 
 Grave et al. 1996). The ability to resolve such conflicts is also important for 
effective teamwork in multi-professional healthcare (e.g. Hall and Weaver 2001). 
Therefore, dealing with conflicting ideas and knowledge during PBL tutorial 
discussions presents an opportunity to enhance students’ learning while also 
fostering the generic skills they will need later on in their careers. 
The ability to deal with conflicting ideas and knowledge is a central element 
in collaborative knowledge construction (Dillenbourg 1999). However, little 
research has focused on how students deal with conflicts on knowledge and how 
they are facilitated to do that in PBL. The present doctoral thesis aims to fill the 
gap by focusing on these elements of collaborative knowledge construction in the 
context of preclinical PBL. In addition, the thesis focuses on how to help 
students learn the teamwork skills and critical thinking needed in collaborative 
knowledge construction. The aim is to provide information on how best to 
develop students’ skills in order to help them learn more effectively and be able 
to work together successfully in small groups and teams. A central premise in 
this thesis is that by developing such skills early on in their medical studies, 
students may be able to transfer these skills to healthcare teams later, thus 
enhancing the quality of health care. 
Problem-based learning was first introduced by the Faculty of Medicine at 
McMaster University in the late 1960s. PBL was originally developed in order to 
simulate the physician’s problem-solving process. The idea was to introduce 
problems that mirror real-life challenges as a starting point for the learning 
process (Barrows and Tamblyn 1980; Norman and Schmidt 1992). During the 
learning process, students work together to explain and solve the problems at 
hand (Boud and Feletti 1997). The solutions and explanations can be seen as 
conceptual artefacts that are the end products of the learning process in PBL 
(Bereiter and Scardamalia 2003). The introduction of PBL was intended to 
motivate students by allowing them to self-direct their learning process and 
helping them to appreciate the relevance of what they are learning to their future 
work (Barrows 1996). The use of problems was also intended to help students 
begin learning the principles of clinical reasoning and problem solving at the 
outset of their medical studies (Barrows 1996; Neville 2009).  
The first PBL curriculum did not follow an explicit theoretical framework 
(Neville 2009). However, research on PBL later clarified the theoretical 
underpinnings of the learning approach (Hmelo-Silver 2004; Dolmans et al. 
 2005; Taylor and Miflin 2008). Dolmans et al. (2005) have suggested that PBL 
should be based on four modern insights into learning, namely that learning 
should be contextual, self-directed, constructive and collaborative. The 
theoretical framework for the present doctoral thesis rests on these principles. 
The emphasis will be on constructive and collaborative principles of learning in 
PBL. The following paragraphs summarise the main ideas of these principles and 
the role of constructive and collaborative principles in the present doctoral 
thesis. 
The contextual principle refers to the idea that learning is always situated in a 
certain context and the situation in which knowledge is acquired thus 
determines its use. Transferring what one has learned in one context to new 
situations or different contexts is usually difficult (Salomon and Perkins 1989). 
However, the transfer may be facilitated by placing learning in meaningful 
contexts, returning to the same content many times in different contexts, using it 
for different purposes and viewing it from different perspectives (Ertmer and 
Newby 1993; Dolmans et al. 2005). In PBL, transfer is expected to be promoted 
by exposing learners to a professionally relevant context by using problems 
related to real-life situations (Norman and Schmidt 1992; Wood 2003). Thus, 
the integration of basic sciences into clinical medicine is meant to help students 
discover meaningful associations between the knowledge they are studying and 
its practical applications in the real world (Poikela 2006). As a result, students 
are expected to gain a deep understanding of areas of medical knowledge, such 
as biomedical principles, that may appear to be relatively abstract (Dahle et al. 
2002). 
The self-directed (or self-regulated) principle means that students are 
responsible and active in planning, monitoring and evaluating their learning 
process (Ertmer and Newby 1993; Dolmans et al. 2005). Planning this process 
involves setting a goal and selecting strategies to achieve that goal (Ertmer and 
Newby 1993; Dolmans et al. 2005). Monitoring means observing, reflecting on 
and regulating the learning process, whereas evaluation is focused on the 
learning process and its results (Ertmer and Newby 1993; Dolmans et al. 2005). 
Students’ prior knowledge needs to be activated in order to set meaningful and 
achievable goals (Yew and Schmidt 2012). Prior knowledge also works as a 
reference point for monitoring and evaluating the learning process (Dolmans et 
al. 2005). In addition, students need to regulate their motivation to learn. 
Regulatory processes in PBL also take place at the collaborative level. Therefore, 
developing a shared awareness of the goals and of the progress is important in 
regulating the learning process (Järvelä et al. 2008).  
The constructive principle means that in the learning process students 
actively construct their own knowledge structures (Savery and Duffy 1995; 
Dolmans et al. 2005). Such construction requires activating students’ prior 
 knowledge and stimulating its processing. Thereby, new information is 
integrated into students’ existing knowledge structures, and the number of 
connections between concepts increases (Schmidt 1993; Dolmans et al. 2005). 
Activating prior knowledge and conceptions is vital for correcting possible 
misconceptions about a topic. Such knowledge construction process helps 
students gain rich and coherent knowledge structures, which in practice appear 
as a deeper understanding of a topic and an easier activation of knowledge 
(Schmidt 1993; Dolmans et al. 2005). The final collaborative principle is related 
to the construction of knowledge in tutorial discussions. Collaboration refers to 
two or more people interacting with each other, which under certain 
circumstances leads to learning (Dolmans et al. 2005). Given its central role in 
the present doctoral thesis, collaborative knowledge construction will be 
discussed more thoroughly after the section on the practical implementations of 
PBL.  
There are several implementations of PBL in modern medical education (Taylor 
and Miflin 2008). Although the principles of PBL are well documented and 
defined in the literature, the variety of implementations has resulted in a 
‘conceptual fog’ about what PBL is in practice (Taylor and Miflin 2008). 
Nevertheless, most implementations follow the principles whereby the learning 
process is triggered by problems, tutors facilitate the process and students 
collaborate in small groups (Dolmans et al. 2005). Trigger problems are usually 
descriptions of some phenomena requiring explanation, and they are aimed at 
integrating the learning of basic sciences with clinical sciences (Dolmans and 
Snellen-Balendong 1997). The role of a tutor is to facilitate the learning process 
rather than to provide information. The practices and challenges of facilitation 
will be discussed more thoroughly later. 
In all implementations of PBL that hold on to its philosophy, students have 
an active role in the learning process, and they collaborate with each other in 
small groups (Dolmans et al. 2001). Depending on the implementation, the 
small groups may meet face-to-face, online or both. In many medical schools 
tutorial groups meet face-to-face. The groups usually consist of eight to ten 
students (Wood 2003). As the students have a shared goal, the tasks are not 
divided among them. In each tutorial group there is usually a chairperson, who 
maintains group dynamics and moves the group through the task, together with 
a scribe, who records the discussion (Wood 2003).  
At the curriculum level, PBL may be applied to the whole curriculum or only 
to certain parts of it. PBL is usually applied to the early stages of a curriculum, 
often called the ‘preclinical phase’ in medical and dental curricula. PBL may be 
 organised only around small-group tutorial sessions, or, as is more usual, 
tutorial sessions can be complemented with other learning methods such as 
lectures, assignments and so on. The latter, often called “hybrid PBL”, has 
recently gained in popularity, as it provides an opportunity to utilise the 
strengths of different learning methods.  
A common implementation and the context for the present doctoral thesis is 
the seven-step approach of PBL (Schmidt 1983). In this approach the process is 
divided into opening and reporting sessions with independent study taking place 
in between (see Figure 1). In the opening session students go through steps one 
to five, during which they 1) clarify the terms and concepts related to the trigger 
case, 2) analyse and define the problem included in the case, 3) activate prior 
knowledge by brainstorming ideas to explain the problem, and 4) analyse and 
organise the explanations into tentative solutions to the problem. Based on steps 
1-4, they 5) formulate their learning goals. During 6) independent study, 
students examine information sources for explanations or ideas for resolving the 
problem at hand. In a hybrid PBL the sixth step often includes, for example, 
attending lectures on the topic under study. After independent study, the 
students again assemble in small groups to 7) report and synthesise what they 
have gathered during independent study. In this final stage of the PBL process, 
students are expected to share and test ideas collaboratively and to construct 
knowledge based on their interpretations and understandings of what they have 
studied. 
 
This doctoral thesis focuses mainly on the interaction during the reporting phase 
of PBL, because the interaction has a crucial role in determining how well 
students are able to construct collaboratively a shared and coherent 
understanding of a topic (Van den Hurk et al. 2001). The following section 
explores how collaborative knowledge construction takes place in PBL. 
 Understanding the collaborative principle of learning in PBL calls for a look at 
the concept of collaborative learning. Collaborative learning can be understood 
as an umbrella term referring to a variety of approaches and practical 
implementations. Although there are several ways to approach collaborative 
learning, it can be broadly defined as: “a situation in which two or more people 
learn or attempt to learn something together” (Dillenbourg 1999, p. 1). This 
definition, however, is very general and requires further clarification of the key 
aspects of collaborative learning (see Dillenbourg 1999). As there are two or 
more people, social interaction is involved in the learning process. Learning 
something together refers to the positive interdependence between learners in 
reaching their goal (see Dillenbourg 1999). Further clarifying different 
collaborative learning situations would also require outlining the context, 
participants and goals for the learning activity in a given situation (Dillenbourg 
1999). In the present thesis, these matters are determined by the context of the 
preclinical PBL in medical education. The context of PBL will be discussed later 
in more detail. Here the role of social interaction in collaborative learning in PBL 
will be discussed. 
Social interaction in PBL is mainly related to the collaborative knowledge 
construction taking place in tutorial discussions. During social interaction, 
learning takes place both within a learner’s mind and between learners’ minds 
(Vygotsky 1978; Hmelo-Silver 2003). By supporting each other, students can 
achieve more than they could on their own. The advantages of such collaboration 
are founded on the premise that “people with different experiences, values, and 
knowledge will be more effective in adequately solving the problems than are 
individuals” (Van den Bossche et al. 2006, p. 491). However, collaborative 
knowledge construction is not a self-evident result of putting students together 
to learn (Van den Bossche et al. 2006; Summers and Volet 2010). The ability to 
learn together depends on the quality of the interaction in the group (e.g. Barron 
2003).  
In the literature there are several definitions for conversational interaction or 
discursive activity that fosters collaborative knowledge construction (e.g. 
Roschelle 1992; Mercer 1995; Van Boxtel et al. 2000; Barron 2003). Although 
there are differences in the definitions, on closer examination most of them 
share similar core ideas. The purpose of this thesis is not to scrutinise the 
differences between the definitions. Rather, the focus is on the similar core ideas 
about discursive activity that foster collaborative knowledge construction. These 
ideas will be discussed in more detail below.  
A starting point for high-quality interaction is that students must participate 
equally in the discussion (Lindblom-Ylänne et al. 2003). When students are able 
 to verbalise and externalise their thoughts, ideas become objects for discussion 
(Hmelo-Silver 2003). Then students’ cognitive capacities are also harnessed to 
achieve the group’s shared goal. Equal participation in the discussion is in fact 
one of the key factors determining a group’s ability to solve problems, create 
ideas and make decisions (Woolley et al. 2010). Another fundamental criterion 
for such interaction is that students are collaboratively orientated to work in a 
group (Johnson and Johnson 1989; Mercer 1995; Barron 2003). In contrast to 
competitive or individualistic orientations, such collaborative (or co-operative) 
orientation helps students strive to achieve outcomes that are favourable to the 
whole group (Johnson and Johnson 1989; Barron 2003). In PBL students are 
mutually dependent on one another to achieve a shared goal, a situation that is 
expected to encourage a collaborative orientation. 
In addition to equal participation and collaborative orientation, students 
need to engage in a discourse where, instead of just pooling information or 
sharing ideas, they process their ideas so that the result is a deeper and shared 
understanding of a topic (Van Boxtel et al. 2000; Barron 2003; Van den Bossche 
et al. 2006). Processing ideas involves negotiating, confirming, repairing and 
integrating each other’s ideas (e.g. Roschelle 1992), a process fostered by 
discourse patterns such as co-construction, elaboration and inquiry (Dolmans et 
al. 2005). Co-construction refers to reasoning that is created from the 
contributions of more than one participant (Van Boxtel et al. 2000). Elaboration 
can be understood as explaining and justifying ideas, relating concepts to each 
other and clarifying the meanings of concepts (Schmidt 1993; Baker et al. 1999; 
Van Boxtel et al. 2000). Both co-construction and collaborative elaboration are 
elicited when students ask and answer questions (Van Boxtel et al. 2000). 
Inquiry during discussion is important for stimulating higher-order thinking and 
thorough argumentation (see Peterson 1997; Anderson et al. 2001; Hmelo-Silver 
and Barrows 2008). Inquiry is, in fact, at the heart of problem solving, critical 
and creative thinking (Chin and Osborne 2008). Given the central role of 
questions in the learning process, their role will be discussed further in the 
following section. 
The literature on inquiry in learning has several definitions for different types 
of questions (e.g. McKenzie 1997). For the purpose of this thesis, it is 
unnecessary to delve into each definition. However, as different questions can 
have vastly different impacts on discussion, a closer look at the main differences 
between question types is needed. Questions can be roughly categorised 
according to their form and purpose. The form of a question may be either open 
or closed, and the purpose of the question may be either to elicit higher-order 
thinking or to prompt recall of information (King 1992; Chin and Osborne 
2008). Open questions typically ask for new information, and answering them 
requires thinking and giving longer answers (Visschers-Pleijers et al. 2006). 
 Open questions do not lead the respondent in any particular direction nor do 
they give options from which to choose; respondents can decide what and how to 
answer. Open questions are therefore useful for eliciting elaborations, 
explanations and reasoning (Visschers-Pleijers et al. 2006). As for closed 
questions, they limit respondents to a set of possible choices and options and 
thus can usually be answered with a short sentence or yes or no. Closed 
questions may be considered best suited for verifying and checking 
understanding. Generally, open questions aimed at eliciting elaboration and 
higher-order thinking could be expected to contribute more to collaborative 
knowledge construction than closed questions aiming for prompting recall of 
information (see Chin and Osborne 2008). However, prior research has shown 
that the latter is easier to do than the former (Chin and Brown 2002). 
Since the introduction of PBL, the process has received a great deal of attention 
in educational research. Such research has followed a trajectory similar to the 
research in general medical education. Cook et al. (2008) have categorised the 
purposes of research in medical education as description, justification and 
clarification. Studies with a ‘description’ purpose typically describe recent 
innovations or learning methods and how they are implemented. ‘Justification’ 
studies have sought to answer how well new educational interventions work 
compared with traditional teaching methods, such as lecture-based instruction 
(Cook et al. 2008). ‘Clarification’ studies aim at revealing the underlying 
processes that explain why or how different educational interventions and 
learning methods work (Cook et al. 2008). Description- and justification-
orientated research has provided knowledge about the learning process in PBL 
(e.g. Barrows and Tamblyn 1980; Schmidt 1983; Savery and Duffy 1995; Hmelo-
Silver 2004; Dolmans et al. 2005) and how well these principles actually work 
(e.g. Norman and Schmidt 1992; Albanese and Mitchell 1993; Vernon and Blake 
1993; Norman and Schmidt 2000; Dochy et al. 2003; Koh et al. 2008). Based on 
a long line of studies, it is probably justifiable to claim that PBL works well for 
developing flexible knowledge, problem-solving skills, self-directed learning, 
collaboration skills and intrinsic motivation (Hmelo-Silver 2004; Schmidt et al. 
2011). Therefore, in current PBL research, instead of further assessment of 
whether or not the claims of PBL are justified, it may be more important to 
clarify how those above-mentioned elements occur (see Dolmans and Gijbels 
2013). 
During the past decade, the focus in PBL research has indeed shifted towards 
clarifying why or how PBL works. Although clarification studies have 
traditionally been uncommon in experimental research on PBL (see Cook et al. 
 2008), they have become increasingly common (Dolmans and Gijbels 2013). 
Prominent clarification studies have focused on the elements of the learning 
process, such as group functioning and interaction, quality of cases, tutor 
competence and functioning (e.g. De Grave et al. 1996; Hak and Maguire 2000; 
Dolmans and Schmidt 2006; Hmelo-Silver and Barrows 2006). Such studies 
have shown that the elements of the learning process mentioned above are 
deeply interwoven and that all have a significant impact on learning through 
PBL.  
Clarification studies have often been based on students’ and tutors’ self-
reports, which have provided knowledge of the fundamental processes in PBL. A 
current trend in PBL research is to deepen this knowledge by focusing on how 
the learning process actually takes place in PBL. Among clarification studies 
there has been a methodological shift towards using direct observation to 
capture the PBL process as it unfolds. Recently, studies clarifying why and how 
PBL works have typically focused on interaction in tutorial discussions and 
examined the type and amount of interaction in the discussion (Visschers-
Pleijers et al. 2006; Hmelo-Silver and Barrows 2008; Yew and Schmidt 2009; 
Hmelo-Silver 2013). Observational methods make it possible to examine what 
really happens in PBL tutorial discussions (Hak and Maguire 2000). Such 
studies have highlighted the importance of the quality of facilitation for learning 
(Hmelo-Silver and Barrows 2008). They have also shown the importance of 
students’ active and equal participation in achieving high-quality learning 
outcomes (Lindblom-Ylänne et al. 2003). Prior research has further shown that 
a large part of small-group discussions is usually spent in accumulating ideas so 
that each contribution builds positively, but uncritically on what others have said 
(Van Boxtel et al. 2000 Visschers-Pleijers et al. 2006; Yew and Schmidt 2009). 
In such discourse ideas and knowledge are not explored or negotiated as there is 
an ‘automatic consensus’ about what is said (Mercer 1995; Van Boxtel et al. 
2000). Clarification studies on students’ interaction have suggested that during 
tutorial discussions students should more often engage in discussions in which 
they explore each other’s ideas and understandings about a topic (Visschers-
Pleijers et al. 2006; Yew and Schmidt 2009).  
Prior research has also shown that challenging each other’s contributions and 
exploring and negotiating different perspectives, as well as handling conflicting 
knowledge is difficult for students (Visschers-Pleijers et al. 2006; Yew and 
Schmidt 2009). In this doctoral thesis a central premise is that conflicts on 
knowledge have the potential to stimulate the learning process. However, from 
the perspective of collaborative knowledge construction, conflicts on knowledge 
also bring about challenges to student interaction. The thesis rests on the idea 
that the ability to collaboratively resolve conflicts on knowledge determines how 
well group members are able to create a shared and coherent understanding of a 
 topic (see Brown and Palinscar 1989; Dolmans and Schmidt 2006; Van den 
Bossche et al. 2006; Johnson and Johnson 2009). Although there is a 
considerable body of research on collaboration in PBL, studies on how students 
deal with conflicts on knowledge and how tutors facilitate students to handle 
these conflicts in PBL tutorial groups have been scarce. In order to develop 
collaboration in tutorial groups, more research is needed to clarify such aspects 
of collaborative knowledge construction in PBL. The following section discusses 
the role of dealing with conflicts on knowledge in the learning process. 
An important benefit of collaborative knowledge construction is that the 
interaction between learners can bring out their conflicting ideas concerning the 
topic they are working on. Such conflicts are vital for learning, because they can 
motivate students to seek more information and to integrate and elaborate 
knowledge in new ways (Brown and Palinscar 1989; De Grave et al. 1996; Buchs 
et al. 2004; Dolmans and Schmidt 2006). In the literature there are several 
definitions for conflicts in groups. Usually, a distinction is made between task-
focused or relationship-focused conflicts (e.g. Jehn and Mannix 2001; De Dreu 
and Weingart 2003). In PBL, conflicts related to relationships and personal 
issues are not as common as issues related to the group’s task (Hendry et al. 
2003). For this reason the present thesis focuses primarily on task-focused 
conflicts, which in PBL means conflicts related to the knowledge being studied. 
For present purposes a ‘conflict on knowledge’ is defined as a situation in which 
students bring up conflicting knowledge presented in study materials (e.g. books, 
lectures, internet sites) or their conflicting interpretations and understandings of 
such knowledge. A conflict on knowledge in a collaborative learning process 
occurs at both the intra-individual and the inter-individual levels (Dillenbourg 
1999). At the intra-individual level new knowledge is incompatible with a 
learner’s existing knowledge structure, thereby causing a cognitive conflict that 
requires transforming the knowledge structures (see Festinger 1962; Piaget 
1964). Intra-individual conflict is often induced inter-individually, in interaction 
with others. At the inter-individual level a conflict on knowledge takes place in 
social interaction as a discrepancy between the knowledge and/or the viewpoints 
of the learners. Such a conflict may also be referred to as a ‘socio-cognitive 
conflict’ (Doise and Mugny 1984). As this doctoral thesis focuses on the 
interactions between students, conflicts on knowledge are viewed from the 
perspective of inter-individual, socio-cognitive conflicts.  
 Resolving conflicts on knowledge provides an opportunity to deepen, confirm 
and repair students’ understandings of scientific concepts (Roschelle 1992). This 
is important for correcting misconceptions about a topic and for restructuring 
knowledge as part of conceptual change (Dreyfus et al. 1990; Norman and 
Schmidt 1992). When aiming for conceptual change in the learning process, it is 
vital that new knowledge is not just accumulated on a student’s prior knowledge 
about the topic. Conceptual change calls for transforming prior misconceptions 
so that the eventual learning is more than just a result of combining new 
knowledge with prior knowledge (Van Boxtel et al. 2000). If prior 
misconceptions are not transformed and corrected, they will remain in the 
knowledge structures along with the scientific and more correct knowledge (Van 
Boxtel et al. 2000). Conflicts on knowledge can serve as a starting point for 
identifying, challenging and reconstructing students’ possible misconceptions.  
In order to bring about conceptual change through interaction, the focus 
needs to be on conceptual aspects of the knowledge under discussion (Van 
Boxtel et al. 2000). In this thesis, definitions for different types of knowledge are 
based on the taxonomy of educational objectives, in which types of knowledge 
are categorised as factual, conceptual, procedural and meta-cognitive (see Bloom 
1956; Anderson et al. 2001). The focus is primarily on factual and conceptual 
knowledge, because the goal in PBL is on the acquisition of essential facts and 
concepts (e.g. Barrows and Tamblyn 1980). Procedural knowledge is related 
more to learning skills than to acquiring knowledge, and metacognitive 
knowledge involves elements of knowledge, such as self-knowledge, which may 
be difficult to articulate in open discussion (see Anderson et al. 2001). Factual 
knowledge is defined as “the basic elements students must know to be 
acquainted with a discipline or solve problems in it”, and conceptual knowledge 
is characterised as “the interrelationships among the basic elements within a 
larger structure that enable them to function together” (Anderson et al. 2001, p. 
29). 
Dealing with conflicting conceptual knowledge could be expected to enhance 
learning more than conflicting factual knowledge. Conflicts on conceptual 
knowledge are usually related to understanding and applying knowledge, 
whereas conflicts on factual knowledge are more likely to be about remembering 
factual details (see Anderson et al. 2001). Resolving a conflict on conceptual 
knowledge could thus be expected to call for more elaboration than resolving a 
conflict about factual knowledge, in which correct facts can be checked from a 
book or the tutor. However, differences in factual knowledge may be easier to 
notice, because they are simpler and more concrete than differences in 
conceptual knowledge (see Anderson et al. 2001). Therefore, conflicts on factual 
knowledge may be more likely to occur. 
 In addition to different types of knowledge, conflicts on knowledge are also 
related to different conceptions of knowledge. For the purpose of this thesis it is 
unnecessary to examine every epistemological model for students’ conceptions of 
knowledge. Therefore, distinction is only made between dualistic and relativistic 
conceptions of knowledge (Hofer and Pintrich 1997; Kember 2001). In a 
dualistic view knowledge is perceived as absolute, and right or wrong and facts 
are seen as largely indisputable (Kember 2001). In a relativistic view knowledge 
is thought to be socially constructed and to consist of multiple, even conflicting 
perspectives (Kember 2001). However, a relativistic view does not mean that all 
perspectives are equally worthy or reliable (Siegel 2013). It has more to do with 
knowledge processing. From a dualistic point of view knowledge may simply be 
taken for granted, whereas from a relativistic point of view knowledge needs to 
be processed by looking at it from different perspectives and exploring its 
various meanings (Kember 2001). Students with a relativistic view of knowledge 
are usually more inclined to elaborate on conflicting ideas than those holding 
more dualistic views (Kember 2001). A conflict on knowledge from a dualistic 
viewpoint means either that someone has misunderstood the idea or that the 
sources of information are incorrect. The purpose of discussion is then to find 
out whose ideas are correct. From a relativistic viewpoint, a conflict on 
knowledge, when it is not about factual details, means that students have 
differing interpretations, understandings and perspectives on an issue. Then 
there is a chance to compare, contrast and evaluate those ideas and thereby work 
on a deeper and more coherent understanding of the topic. As a by-product, 
possible misconceptions and inaccurate facts are also corrected, but this is not 
the main goal of the discussion. 
In preclinical PBL the facts and concepts presented in course books and 
lectures are usually largely agreed upon in the scientific community and thus are 
unlikely to contain much contradictory information. Conflicts on knowledge 
could thus usually be expected to derive from students’ differing interpretations 
and understandings of the learning material. Therefore, it is vital that students 
perceive dealing with conflicts on knowledge as a knowledge construction 
process whereby ideas are processed to achieve a deeper understanding of a 
topic. However, there are several challenges inherent in conflicts on knowledge 
in groups, which may compromise the positive effect on learning. 
Collaborative elaboration of a topic is not a self-evident outcome of a conflict on 
knowledge in a group (Dolmans et al. 2001). There are several reasons why 
students may not elaborate on their differing understandings and interpretations 
of a topic. First, students are often unaware of others’ alternative perspectives on 
 the information (Tversky and Kahneman 1981; Johnson and Johnson 2009). On 
the one hand, this may be a result of inadequate participation in discussions. If 
students do not participate in the group’s discussion, their ideas do not become 
visible for exploration, and the potential differences in their thinking remain 
invisible. On the other hand, if the students bring up ideas using the same terms, 
yet understand these differently, they may incorrectly think that they understand 
and agree with each other. Being unaware of other students’ ideas may be related 
to a common misconception that “everybody in the group already knows what 
the individual knows.” (Schmidt et al. 2011, p. 802). In any case if students do 
not bring up differences in their thinking, but instead ignore underlying 
divergences in understanding, they miss a chance to compare, contrast and 
elaborate on those ideas. 
Furthermore, when students do become aware of conflicting knowledge, they 
may bring it up or leave it at that. In the latter case, students may be avoiding 
conflict with their peers. This may be intentional, as, according to Clarke et al. 
(2007), students are usually polite to each other and want to avoid 
confrontations in a group. Avoiding confrontations may be related to the fact 
that differing ideas in a group typically evoke negative feelings such as tension 
and uncertainty (Johnson and Johnson 1979; Bligh 2000; Brookfield 2012). 
Emotional responses to incompatible ideas have been suggested as being 
inevitable, no matter how rational or academic an issue is (Jones and Bodtker 
2001). This is probably the result of how our cognitive and emotional processes 
are so closely interwoven (see Immordino-Yang and Damasio 2007). Negative 
feelings evoked by conflicts on knowledge may also be related to the fact that 
people tend to like those who agree with them more than those who disagree 
(Rosenbaum 1986). Those with deviating opinions in discussions may even 
become disliked, which may explain the pressure towards uniformity in group 
situations (Schachter 1951; Bligh 2000). 
Emotions have a huge impact on reasoning and decision-making, regardless 
of whether one is aware of them or not (see Damasio 1994; Damasio1999). 
Therefore, students may avoid confrontations in a group without even being 
aware of their avoidance behaviour. However, even if emotional responses were 
inevitable during conflicts on knowledge, the consequences are determined by 
how students interpret the situation and their emotional responses. If students 
perceive knowledge conflicts as a personal rejection, and not as differences in 
interpretation and understanding, then the situation and the emotional 
responses are more likely to be interpreted as negative (De Dreu and Weingart, 
2003; Van den Bossche et al. 2006). The interpretation also depends 
significantly on students’ orientation to group work, as well as on their beliefs 
about the interpersonal context (see Van den Bossche et al. 2006; Hommes et al. 
 2014).2  When students are orientated to collaborating with each other, feel 
psychologically safe, have a shared commitment to accomplish their task, believe 
that the group can be effective and are positively interdependent in achieving 
their goal, then conflicts on knowledge are more likely to be interpreted as 
positive, and lead to a constructive conflict (see Van den Bossche et al. 2006).  
When conflicting ideas are brought up in a group, students may begin to 
compete with each other. Competition is usually manifested in a debate or a 
dispute in which students advocate their own ideas and reject those of others 
(Butera and Mugny 2001; Johnson and Johnson 2009). Competition may 
weaken the relationships between students (Darnon et al. 2007) and decrease 
their commitment to learning together (Johnson et al. 2007). Furthermore, if 
students perceive conflict as being competitive and unproductive, they are likely 
to avoid conflicts (Visschers-Pleijers et al. 2005). In PBL students are positively 
interdependent, which could be expected to decrease competition between them. 
However, at university students are exposed to academic discourse, which is 
often adversarial and competitive in nature (Tannen 2002). Competition may 
also be encouraged when students have a dualistic view of knowledge, because 
then students may feel urged to find out who is right. In preclinical PBL this may 
be common, as according to Lonka and Lindblom-Ylänne (1996), a dualistic view 
of knowledge is characteristic of novice medical students. Furthermore, a 
university context emphasising individual performance may stimulate individual 
orientation in students, and may elicit competition during conflicts on 
knowledge (Darnon et al. 2009). In addition to stimulating competition, 
individual orientation may show up in tutorial discussions as an indifference to 
or a lack of interest in other students’ thinking processes. In such a situation 
students may simply relate their own ideas without listening carefully to others 
or without asking questions about how others see the topic. Statements or 
counter arguments by another student may then be elaborated only by the 
student who brought up the issue, or counter arguments may be accepted 
without challenging or elaborating on each other’s ideas (see Van Boxtel et al. 
2000). However, even if students are not competitively or individualistically 
orientated, they may still lack the skills to engage in a constructive discourse 
during conflicts on knowledge. If students lack such skills, then the potential of 
conflicts on knowledge for enhancing learning in the group is compromised.  
In addition to the challenges in dealing with conflicts on knowledge 
collaboratively, there are also challenges related to the context of collaborative 
knowledge construction in PBL. In tutorial discussions there is usually a lack of 
                                                        
2 Psychological safety, task cohesion, group potency and interdependence play crucial 
roles in shaping group dynamics and group effectiveness (see Van den Bossche et al. 
2006; Hommes et al. 2014). However, beliefs about the interpersonal context are not 
central to this thesis and thus are not discussed further here.  
 time to deal with every interesting issue. Therefore, students often have to skip 
issues that are not essential to the learning goals. Moreover, delving into the 
issues may also be hindered by the nature of the knowledge studied in PBL. As 
more or less correct answers are available to most of the topics discussed, 
students may be inclined to search only for correct answers, a process that does 
not foster collaborative knowledge construction.  
All in all, if students do not deal with conflicting ideas in the group, then 
there is usually only one prevailing perspective on a topic, which can be that of a 
dominant person or a result of joint, but hasty conclusions. Such unanimity is 
characteristic of “groupthink” (Janis 1972), in which analysing, evaluating and 
critically testing individual perspectives are avoided in order to minimise 
possible conflicts. Conforming intellectually, however, is detrimental to learning 
from group discussions (Bligh 2000). Therefore, knowing how to deal with 
conflicts on knowledge in a collaborative way is crucial. The following section 
outlines how the challenges above could be met.  
In order to promote learning, students should collaboratively elaborate on 
conflicting ideas in their discussions (Van Boxtel et al. 2000; Visschers-Pleijers 
et al. 2006). Therefore, attempts to reduce competition and promote 
collaboration by, for example, developing interpersonal skills (see Peterson 
1997), and group level assessment (see Dolmans et al. 2005) are important. 
Overcoming the challenges described above requires that students participate 
actively and equally and that they openly share their own conceptions, 
knowledge and thoughts. When students take part in conversation, they need to 
be attentive to vague notions and inconsistencies in one another’s ideas in order 
to identify possible differences in thinking. When such differences are identified, 
students need to bring up the discrepancies openly. It is then vital that students 
focus on discrepancies in each other’s conceptual thinking and about topics 
related to their learning goal.  
The ability to disagree without feeling threatened or competing with each 
other is then central (Johnson and Johnson 1989; Butera and Mugny 2001). 
Such ‘skilled disagreement’ calls for open-mindedly exploring each other’s 
differing ideas without clinging to one’s own ideas and thoughts, and integrating 
each other’s ideas into new ideas and a deeper understanding of a topic (see 
Johnson and Johnson 2009). Open-mindedness during conflicts on knowledge 
could be encouraged by asking reflective questions that help students become 
aware of their assumptions, interpretations and reasoning, and facilitate 
examining an issue without making hasty conclusions (see Epstein et al. 2008).  
 In addition questions are central discourse practices, which foster 
collaborative knowledge construction. During conflicts on knowledge the role of 
questions is pivotal as they are needed for constructively and critically engaging 
in each other’s thinking processes, as well as for resolving the issues. Questions 
could be understood as having three vital functions during conflicts on 
knowledge. First, asking a challenging question may be a more constructive way 
to challenge another person’s contributions than merely presenting a counter 
argument. Second, asking questions that elicit thorough elaboration and 
argumentation is a vital means of fostering the deep processing of knowledge 
(e.g. Van Boxtel et al. 2000). Third, questions aimed at understanding another 
person’s perspective on a topic foster ‘perspective taking’, which is required for 
collaboratively and constructively resolving conflicts in groups (see Galinsky et 
al. 2008).  
Resolving conflicts on knowledge in a group has several benefits. It has been 
found to promote understanding of the complexity of problems (Tjosvold 2008; 
Van den Bossche et al. 2011), predict higher learning outcomes (Chan 2001) and 
help students create higher quality solutions to complex problems (Qin et al. 
1995; Johnson and Johnson 2009). It has also been suggested that dealing with 
conflicts on knowledge enhances students’ critical thinking skills (Johnson et al. 
2007). In fact, one may claim that critical thinking is at the core of dealing with 
conflicts on knowledge. The following section discusses critical thinking as part 
of collaborative knowledge construction and addresses the role of critical 
thinking in PBL tutorial discussions. It also provides ideas on how PBL tutorial 
discussions might develop critical thinking in healthcare teams. 
Learning to think critically is an important objective in medical education (Scott 
et al. 1998; Maudsley and Strivens 2000a; Harasym et al. 2008; Krupat et al. 
2011; Gupta and Upshur 2012; Kahlke and White 2013; Papp et al. 2014). 
Despite the interest in the topic, it is often unclear exactly what is meant by 
critical thinking in medical education (Krupat et al. 2011; Kahlke and White 
2013). In the literature critical thinking is generally understood as a form of 
higher-order thinking consisting of several attributes. To think critically, one is 
expected to have the cognitive skills needed to analyse, evaluate and synthesise 
information (see Halpern 1998; Scott et al. 1998; Anderson et al. 2001). Critical 
thinking also calls for a disposition, an internal motivation to think critically, 
which consists of traits such as curiosity, open-mindedness and flexibility (see 
 Brookfield 1987; Ennis 1987; Facione et al. 1995; Brookfield 2012). Furthermore, 
critical thinking requires metacognitive and reflective skills in order to be aware 
of and regulate one’s thinking processes (see Facione 1998; Halpern 1998; 
Maudsley and Strivens 2000b; Moon 2008; Brookfield 2012). Finally, it has 
been suggested that critical thinking requires a contextual perspective, which 
means being sensitive to the context by taking into account the variety of factors 
affecting a situation (see Halpern 1998). Such elements of critical thinking are 
needed for evaluating the reliability of information sources, but also for 
becoming aware of one’s thinking processes and for considering different 
perspectives before drawing conclusions or making decisions. Altogether, there 
are several ways to define critical thinking, and as a complex phenomenon, it is 
difficult to reduce critical thinking to a narrow, easily identifiable cognitive mode 
(Moore 2013). Owing to the various ways of understanding and defining critical 
thinking, Kahlke and White (2013, p. 27) have suggested that the idea may best 
be approached by understanding it “differently in different contexts and where 
there are different goals.”   
In medicine critical thinking is often related to evaluating medical research 
evidence (Gupta and Upshur 2012). Such critical appraisal is essential in clinical 
reasoning, but it is not the only important element of critical thinking in 
medicine (Brookfield 2000; Jenicek and Hitchcock 2005; Elwood 2007). 
Physicians also need to evaluate other information sources such as their patients 
and colleagues (Gupta and Upshur 2012). Furthermore, they need to be aware of 
how their own assumptions, beliefs, biases and even the fallibility of their senses 
affect their reasoning and decision-making (see Maudsley and Strivens 2000b; 
Epstein et al. 2008; Harasym et al. 2008).  
Given the importance of critical thinking skills, it is important to find ways to 
develop these abilities early on in medical education (Huang et al. 2014; Papp et 
al. 2014). However, it must be taken into account that evaluating the reliability 
of medical information requires extensive knowledge (Norman 2002). Students 
who are only beginning to master basic medical knowledge, as in preclinical 
PBL, have a limited ability to appraise its reliability (see Norman and Schmidt 
2000; Norman 2002). In the early stages of medical education the nature of 
critical thinking is inevitably different than it is at the later stages. It is thus 
important to adapt the learning of critical thinking to students’ levels of expertise 
(Papp et al. 2014). At the beginning of medical education it may prove useful to 
emphasise, for example, the dispositional or metacognitive and reflective 
elements of critical thinking. Critical thinking would then primarily aim at 
identifying the assumptions informing students’ thoughts, examining their 
interpretations and becoming aware of alternative perspectives on a topic 
(Maudsley and Strivens 2000a; Brookfield 2012). Focusing on these elements of 
critical thinking could widen understanding of the concept and enhance 
 opportunities to “think critically” even without an extensive knowledge base. 
Practising such critical thinking is thus well suited to preclinical PBL. 
Regardless of how critical thinking is defined, understanding one’s 
assumptions more accurately by seeing them from multiple perspectives is 
central (Brookfield 2012). In the intellectual traditions based on the natural 
sciences, however, such a perspective on critical thinking may sometimes be 
overlooked (see Brookfield 2012). From the paradigm of the natural sciences, 
critical thinking is often understood as gathering evidence, recognising logical 
fallacies, analysing evidence and testing hypotheses (Kahlke and White 2013). 
Such understanding is necessary for conducting and evaluating research. 
However, in a focus that mainly evaluates objective information, people’s 
subjective assumptions and interpretations may be neglected. Nevertheless, both 
perspectives are needed for making informed decisions (Kahlke and White 
2013). When students are collaboratively learning knowledge on which there is a 
wide scientific consensus, as is the case with most topics in preclinical PBL, the 
subjective perspective on critical thinking may even be the more important one. 
Conflicts on knowledge during tutorial discussions offer an opportunity to 
practice both perspectives, but in order to induce conceptual change, working on 
assumptions, interpretations and understandings of the topic may be more 
useful than evaluating which facts are correct. The following section discusses 
the role of critical thinking in collaborative knowledge construction. 
In the literature on critical thinking, the thinker is commonly depicted as solitary 
(Thayer-Bacon 2000). However, Brookfield (2012) has suggested that, ideally, 
critical thinking is a social learning process in which others serve as mirrors 
reflecting one’s own thinking. In fact, learning in small groups (PBL) as well as 
teamwork in clinical practice greatly rely on team members’ ability to think 
critically together. Collaboration with other people makes critical thinking more 
effective (Brookfield 2012) and also develops the individual’s critical thinking 
skills (Gokhale 1995). Understanding critical thinking as a social learning 
process fits well with the idea of tutorial discussions in PBL. In these discussions 
students are expected to negotiate the meaning of concepts by evaluating 
arguments, asking questions, probing assumptions and bringing out alternative 
perspectives, all in a collaborative and critical way (see Savery and Duffy 1996; 
Maudsley and Strivens 2000a; Hmelo-Silver 2004). Such negotiation underlines 
the role of critical thinking in collaborative knowledge construction. Making 
thinking processes visible, exploring different perspectives and justifying them 
are central to both critical thinking and collaborative knowledge construction. In 
fact, Krupat et al. (2011, p. 633) have suggested that critical thinking could be 
 developed in medical education by creating learning environments in which 
students are challenged to “ask questions, probe assumptions and seek 
justifications.” As such processes are also essential in PBL tutorial discussions, 
they could be expected to have enormous potential for developing critical 
thinking. Tutorial discussions are intended to encourage students to engage in 
deep inquiry in which they analyse different ideas and relate them to each other 
(Schmidt 1993; Baker et al. 1999; Van Boxtel et al. 2000; Dolmans et al. 2002). 
The role of inquiry is often emphasised in the literature on critical thinking. 
Browne and Keeley (2007) have even suggested that critical thinking refers to an 
awareness of a set of interrelated critical questions, an ability to ask and answer 
critical questions at appropriate times, and a desire to use the questions actively.  
Embracing knowledge conflicts may develop students’ critical thinking skills 
by cultivating their ability to explore and justify different perspectives (see 
Huang et al. 2014). However, it is still crucial how such controversies are dealt 
with (see chapter 1.2.3). The risk in encouraging critical thinking in the learning 
process is that critical thinking is often understood as a negative critique 
whereby students only search for weaknesses in others’ thinking and try to show 
why others are wrong (e.g. Tannen 2002; Johnson and Johnson 2009; 
Brookfield 2012). Such thinking differs from critical thinking, which seeks 
strengths and understanding the roots of differences in each other’s ideas, and 
attempts to integrate disparate but related ideas (Tannen 2002). The latter 
perspective on critical thinking reduces the risk that conflicts on knowledge will 
have negative consequences such as competition in a group. The following 
sections discuss the role of a tutor in facilitating students to deal collaboratively 
and critically with conflicts on knowledge. 
PBL is a demanding learning method for students, especially in the early stages 
of medical studies (Neville 1999). Therefore, students are usually facilitated in 
the learning process by a tutor (Neville 1999). When facilitating tutorial 
discussions, the tutor observes the students in action and intervenes in the 
discussions when needed (Barrows and Tamblyn 1980; De Grave et al. 1999). 
Through verbal and non-verbal expressions, tutors encourage interaction and 
stimulate students to elaborate on and integrate their knowledge (De Grave et al. 
1999; Moust 2010). Such tutor interventions have an important role in 
scaffolding students to learn in a self-directed fashion and helping them 
overcome difficulties in the learning process (De Grave et al. 1999; Hmelo-Silver 
 et al. 2007). In order for students to become self-directed learners, they need 
challenges, support and feedback from their teachers (Silén and Uhlin 2008). 
According to the theoretical underpinnings of PBL, probably the most 
important task of a tutor is to encourage students to elaborate on knowledge 
about a topic and their understandings of it (e.g. Norman and Schmidt 1992). 
The tutor may facilitate this process by asking students to explain things in their 
own words (Hmelo-Silver and Barrows 2006). Thus making students’ thinking 
visible, the tutor can help students identify gaps and inconsistencies in their 
knowledge (Hmelo-Silver and Barrows 2008). Tutors have an important role in 
helping students engage in deep inquiry in which they analyse different ideas, 
relate these ideas to each other and negotiate the meanings of concepts (Schmidt 
1993; Baker et al. 1999; Van Boxtel et al. 2000; Dolmans et al. 2002; Poikela 
2005). In addition, tutors should help students focus on relevant issues (Neville 
1999). The role of a tutor is also central in promoting active and equal 
participation in the discussion and creating an atmosphere in the group that 
encourages collaboration (Schmidt and Moust 1995).  
An important facilitation skill is to ask questions that promote thorough 
elaboration of a topic. By asking such questions, the tutor not only stimulates 
discussion, but also models the kinds of questions students should be asking 
each other in a scientific reasoning process (Barrows and Tamblyn 1980; 
Frederiksen 1999; Hmelo-Silver and Barrows 2006). In addition, questions may 
be used to encourage students to compare and contrast differing interpretations 
and understandings of a topic and stimulate students to give explanations for 
inconsistencies in thinking. When tutors ask questions, they should let the 
students to discuss the answers and avoid evaluating the answers immediately. 
Instant evaluation of student responses [Initiation-Reply-Evaluation, (IRE) 
pattern], which fails to promote collaborative knowledge construction (Hmelo-
Silver 2002), is typical of teacher-centred learning situations (Mehan 1979). 
Generally, tutors who are either too dominant or too passive can impede 
learning in PBL (Hendry et al. 2003; Silén 2006). Conversely, tutors who 
perform well can significantly enhance group productivity and learning 
(Dolmans and Wolfhagen 2005; Van Berkel and Dolmans 2006; Chng et al. 
2011). 
Although optimal facilitation in a given situation depends on several factors 
(see Van Berkel and Dolmans 2006), tutors should generally have both content 
expertise and skills to facilitate the learning process (De Grave et al. 1999; 
Neville 1999; Dolmans et al. 2002; Moust 2010). For tutors who are experts in 
content the role of facilitator may be challenging, as a high level of content 
expertise may increase their directiveness and the number of answers and 
explanations they provide (Silver and Wilkerson 1991; Kaufman and Holmes 
1998; Dolmans et al. 2002). Tutors should always adopt the role of a ‘guide on 
 the side’ instead of the ‘sage on the stage’ who provides students with accurate 
knowledge (see King 1993). The history of medical education has a long tradition 
of both roles (King 1993). On the one hand, lectures have been a common way of 
teaching medicine, whereby an expert on a given topic imparts knowledge to 
students (Graffam 2007). On the other hand, there is an even longer tradition in 
teaching and learning in medicine through apprenticeship (e.g. Dornan 2005). 
The goal of the latter is also to impart knowledge, but apprentices usually learn 
the knowledge and skills by working in real-life situations under the guidance of 
a master. In PBL the focus is on learning the knowledge and on the cognitive 
processes that a physician needs in order to solve problems, while less attention 
is paid to learning the skills necessary for clinical practice. Therefore, PBL could 
be understood as a cognitive apprenticeship approach (Savery and Duffy 1995). 
However, the role of the ‘guide on the side’ may be more easily adopted in 
teaching the physician’s skills than in teaching medical knowledge. Therefore, it 
may be challenging for content experts to facilitate students’ collaborative 
knowledge construction without giving the correct answers. A tutor’s facilitation 
skills are especially challenged when students present conflicting ideas in 
tutorial discussions. 
Conflicts on knowledge during tutorial discussions challenge a tutor to facilitate 
both collaborative knowledge construction and group dynamics. Few studies 
have examined how tutors help students deal with conflicts on knowledge in 
tutorial discussions. However, prior research does provide guidelines for how 
such situations could be facilitated. First, a tutor needs to be attentive to any 
misconceptions that should be addressed (Schmidt et al. 2009) and ensure that 
misconceptions, vague notions and superficial thinking about the topic are 
challenged (Savery and Duffy 1995). If students do not consider multiple aspects 
of a topic, but instead jump to another topic before unclear viewpoints are 
thoroughly examined, then the tutor may need to ‘rock the boat’ by 
problematising what the students have said (Reiser 2004; Hmelo-Silver et al. 
2007; Lee et al. 2009). In addition to eliciting diverse ideas for discussion, the 
tutor needs to help students focus on issues that are relevant to the learning 
goals (Neville 1999). 
Second, when conflicts on knowledge arise, students need support to be able 
to examine various ideas constructively and critically. Asking questions that 
provoke contrasts and comparisons of important aspects of a topic and that 
evoke explanations and reasoning help students attend constructively and 
critically to each other’s ideas (Hmelo-Silver and Barrows 2006; Yew and 
Schmidt 2009). Thereby, the tutor may also encourage deep inquiry for 
 analysing and relating different ideas and concepts to each other and negotiating 
their meanings (Schmidt 1993; Baker et al. 1999; Van Boxtel et al. 2000; 
Dolmans et al. 2002). During conflicts on knowledge, tutors should only 
intervene when required and they should also limit the number of direct answers 
and explanations that they themselves give (Maudsley 1999; Hmelo-Silver and 
Barrows 2006).  
Third, in order for students to benefit fully from conflicts on knowledge, they 
need to express their ideas openly and consider different perspectives 
collaboratively and open-mindedly (Schmidt and Moust 1995; Johnson and 
Johnson 2009; Chng et al. 2011). Tutors can foster these activities by affirming 
the value of conflicts for learning (Azer 2009; Lee et al. 2012), by emphasising 
the shared goal of the group (Johnson and Johnson 1989; Azer 2005) and by 
activating students to participate equally in resolving issues (Lindblom-Ylänne et 
al. 2003). Tutors may also encourage open-mindedness with reflective questions 
that help students become aware of and examine their thinking and reasoning 
processes (see Epstein et al. 2008). Finally, tutors need to give students feedback 
on their performance in tutorial discussions (Neville 1999). 
 
 The aims of the present doctoral thesis are to clarify the elements of 
collaborative knowledge construction related to learning from conflicting 
knowledge and ideas in the context of PBL and to demonstrate how these 
elements could be fostered. Earlier studies have focused on dealing with 
dysfunctional groups (Hitchcock and Anderson 1997) or dealing with personal or 
group dynamics conflicts (Hendry et al. 2003; Kindler et al. 2009). There are 
also studies focusing on how to deal constructively with conflicts between 
students in learning situations (Doise and Mugny 1984; Buchs et al. 2004; 
Darnon et al 2007; Johnson and Johnson 2009), as well as between people in 
organisations (De Dreu and Weingart 2003; Senge 2006; Van den Bossche et al. 
2006; Tjosvold 2008). However, few studies have focused on how to deal 
effectively with conflicts on knowledge in PBL tutorial discussions. Previous 
studies have called for focusing on interactions, such as the use of critical 
questions and counter arguments to handle conflicting information (see 
Visschers-Pleijers et al. 2006; Yew and Schmidt 2009). In order to understand 
the processes of collaborative knowledge construction, the conversations which 
students engage in need to be clarified (Hmelo-Silver 2003). Therefore, the main 
focus of the present thesis is on conversations in tutorial groups. 
Conflicts on knowledge may be considered crucial for indicating the need to 
create a shared understanding of a topic and to refine students’ understandings 
of scientific concepts (Brown and Palinscar 1989; Roschelle 1992; De Grave et al. 
1996; Buchs et al. 2004; Dolmans and Schmidt 2006). Resolving conflicts on 
knowledge is vital for the constructive and collaborative principles of PBL (see 
section 1.1.1). Moreover, the skills required for dealing collaboratively and 
critically with conflicting ideas could also be valuable for effective teamwork and 
critical thinking. Despite the importance of such skills, relatively few studies 
have focused on how students deal with conflicting ideas and knowledge in the 
context of PBL. 
  
 The present doctoral thesis seeks to answer the following research questions:  
 
1. How can medical students be motivated to learn teamwork skills?  
(Study I) 
2. How do students deal with conflicts on knowledge in tutorial groups? 
(Study II) 
3. How do tutors facilitate students to deal with conflicts on knowledge in 
tutorial groups? (Study III)  
4. How do medical students perceive critical thinking, its manifestations 
and development in PBL and the role of critical thinking in clinical 
practice? (Study IV) 
  
 The methodological design of the thesis is based on a mixed methods approach 
to research (see Burke Johnson et al. 2007; Creswell 2013). The idea of mixed 
methods research is to combine within a single study and in varying degrees 
elements from qualitative and quantitative research approaches such as data 
collection and analytical techniques (Burke Johnson et al. 2007; Creswell 2013). 
Placing the three major research paradigms on a continuum illustrates the 
possible variation of the methods (see Figure 2). In the present thesis, the 
majority of the data collection and analyses were qualitative. However, there 
were also quantitative elements, such as quantitative questionnaires and 
quantification of the results of qualitative analyses. Therefore, the 
methodological design of the thesis could be described as qualitative dominant 
mixed methods research (see Burke Johnson et al. 2007). 
 
 
 The context for the present doctoral thesis was the Faculty of Medicine at the 
University of Helsinki. At the time the studies were conducted, the curriculum 
was divided into preclinical and clinical phases. The preclinical phase, which was 
the same for both medical and dental students, comprised the first two years of 
the medical and dental programmes. The preclinical phase was organised 
according to the seven-step method of PBL that was complemented with 
lectures, assignments, laboratory work and so on, thus making it a hybrid 
curriculum. The tutors in PBL were members of the faculty. At the beginning of 
the preclinical phase, new students were introduced to PBL with two interactive 
lectures lasting two hours each. The first semester also included a two-hour 
Teamwork Skills Module (TSM), whose aim was to develop elements of 
teamwork that are important for communication in both PBL tutorial sessions 
and healthcare teams. The module concentrated on developing students’ verbal 
communication so that they could work and learn more effectively as a team. 
Verbal communication focused on active listening, identification of key points, 
asking questions and handling conflicts about knowledge.  
The participants in Study I were three consecutive classes of first-year medical 
students (N=342) in the years 2006-2008. All first-year students were divided 
into four groups for the TSM. The module was part of a larger unit called the 
Growing to Be a Physician programme (GBP). The average response rate was 
80.3%; in the year 2006 it was 81/105 (77.1%) students, 99/117 (84.6%) students 
in 2007 and 95/120 (79.2%) students in 2008. 
The participants in Studies II and III were first-year medical and dental 
students (N = 33) and three tutors. Of 16 groups in the first-year class, there 
were nine groups in which every student consented to participate in Studies II 
and III. Of these nine groups, four were randomly selected for video recording. 
The video-recorded groups included 23 medical students (15 women, 8 men) and 
10 dental students (8 women, 2 men). All tutors had backgrounds in medicine 
and all had previous experience tutoring in PBL, ranging from two years to 
several. One of the tutors guided two of the sessions. Each of the tutors had 
previously also participated in a day-and-a-half faculty training course intended 
to improve tutors’ facilitation skills. Further details about the tutors are omitted 
in order to maintain their anonymity. 
In Study IV the participants consisted of the entire class of first-year medical 
students in the year 2011(n = 120). Answers were received from 67 students 
(56% response rate). A second questionnaire was sent to these 67 students in 
 2013 after they had finished their preclinical studies and started the clinical 
phase of the curriculum. In the beginning of the clinical phase, the students 
participated in a course in Evidence-based Medicine (EBM) that focused on 
critically appraising and using medical knowledge resources. Answers were 
received from 24 students (response rate 36%). 
In Study I the data were collected in three parts, using a web-based feedback 
system, in the autumns of 2006, 2007 and 2008 after each year’s Growing to Be 
a Physician programme (GBP). The students in each year were asked to respond 
to a feedback questionnaire pertaining to the whole GBP course. One question 
focused specifically on TSM: ‘The Teamwork Skills Module was useful’. The 
response scale was a five-point Likert rating (1 disagree completely, 2 disagree, 3 
neutral, 4 agree and 5 agree completely), where ‘1’ is the negative end and ‘5’ the 
positive end. The questionnaire also included two open questions: ‘What helped 
you learn, or worked well, in this course?’ and ‘How would you develop this 
course?’ Of the consecutive three years studied, altogether 130 open feedback 
comments were given by the students, of which 15 referred to TSM. 
The data for Studies II and III were collected by video recording reporting 
phase tutorial discussions. The data collection took place during a Cell Biology 
and Basic Tissues module, which is the third module in the autumn semester of 
the first-year curriculum. The module includes eight cases for learning the 
functioning and structures of cells and basic tissues. Each case is handled 
according to the seven-step method of PBL. The tutorial sessions were facilitated 
by three tutors, one of whom attended two of the sessions. Each video-recorded 
tutorial session lasted one hour. The videos were recorded with a single camera 
and a table microphone. Before the video recording was made, the students had 
studied two previous modules with PBL. In Study II the data consist of student 
interactions and tutor interventions in four reporting-phase tutorial sessions. 
The focus was on different types of conflicts on knowledge in tutorial sessions 
and on how the students dealt with these conflicts. Altogether, there were 43 
annotated conflict episodes in the video-recorded tutorial discussions. Tutor 
interventions were examined only to the extent of identifying when they 
terminated students’ elaboration on conflicts on knowledge. In Study III the 
same data were used to examine tutor interventions during conflict and non-
conflict situations. The tutorial discussions included 92 tutor intervention 
episodes and 43 conflict episodes. 
The data in Study IV were collected using two electronic questionnaires. The 
first was a quantitative survey containing statements about teaching and 
learning in the Faculty of Medicine as well as statements about problem-based 
 learning. The first questionnaire was sent via email to the entire first-year class 
of medical students in 2011. In the first questionnaire, the focus was on the 
responses to the statement: “PBL has helped me learn critical thinking” (scale: 1 
disagree completely, 5 agree completely). The second qualitative questionnaire 
was designed to gain deeper understanding of how the students perceived 
critical thinking. It consisted of three qualitative sections and included the 
following open-ended questions: 1) What does critical thinking mean? What 
elements does it consist of? How it is implemented in practice? 2) How is critical 
thinking manifested in the preclinical PBL tutorial sessions? What fostered it? 
What hindered it? 3) What is the meaning of critical thinking in clinical practice? 
In Study I the questionnaire pertained to the first-year GBP course. The means 
of the students’ responses to the statement ‘The Teamwork Skills Module was 
useful’ were computed for each year and compared with an independent samples 
T-test. Among the answers to the open questions (‘What helped you learn, or 
worked well, in this course?’ and ‘How would you develop this course?’), the 
responses referring to TSM were examined with qualitative content analysis. The 
comments referring to TSM were categorised as either positive or negative. The 
feedback after the first year indicated that the majority of the students did not 
find the module very useful. 
After the first year, we made an intervention to improve the module based on 
our experiences and student feedback. The Teamwork Skills Module was revised 
in order to be more motivating to medical students. However, only the 
introduction to the topic was changed; otherwise, the outline of the sessions, 
theoretical background and exercises all remained the same. In the first year, 
teamwork skills had been introduced to the students by discussing the typical 
causes of poor teamwork in PBL tutorial sessions and the role of verbal 
communication in making the sessions successful. The meaning of teamwork 
skills for students’ future work was referred to only by explaining that modern 
medical experts often work in healthcare teams. In the second year, teamwork 
skills were introduced by first discussing the common competencies required in 
both PBL tutorial sessions and healthcare teams. This was followed by a 
presentation of research studies to show that effective communication in 
healthcare teams is crucial in preventing medical errors (e.g. Alvarez and Coiera 
2006; Singh et al. 2006). We thereby endeavoured to underline the clinical 
relevance of teamwork skills and make it clear that in PBL tutorial sessions, 
students have a chance not only to acquire medical knowledge, but also to 
 practice effective verbal communication. The TSM in both the second and third 
years was conducted with an exactly same plan. After the third year, the 
students’ feedback from each year was analysed in order to examine how the 
revised introduction had affected the perceptions of the module’s usefulness. The 
means of the students’ numerical answers for each year were compared with an 
independent samples T-test. In addition, the students’ open feedback that 
referred to TSM was examined with a qualitative content analysis. 
The unit of analysis in Study II was a conflict episode, defined as a series of 
interactions in which students deal with conflicts on knowledge (cf. Yew and 
Schmidt 2009). Every conflict episode that focused on knowledge related to the 
case was included in the data. In fact, this was the only type of conflict episode in 
the data, as the students did not have any disagreements about irrelevant issues. 
The utterance level of analysis was used to identify the episodes and examine 
them in more detail. A conflict episode begins with a situation in which a student 
expresses an idea, which is then contradicted by a counter argument, non-
confirmation or critical question by another student (Van Boxtel et al. 2000). A 
conflict episode ends when students agree on the issue and/or change the topic 
or when the tutor intervenes by explaining the issue or confirming what has been 
claimed. Conflict episodes were located on the video recordings by annotating 
them with the ELAN Linguistic Annotator (Version 3.7.2.). The episodes were 
transcribed verbatim for more detailed analyses. 
The coding scheme for analysing conflict episodes was based on the coding 
schemes for analysing students’ verbal interactions on an episodic level by Van 
Boxtel et al. (2000) and Yew and Schmidt (2009). Van Boxtel et al. (2000) 
categorised verbal interactions into question, conflict and reasoning episodes. 
The category for conflict episode defined whether the conflicts were elaborated 
individually or collaboratively or if they were resolved without elaboration by 
students immediately accepting the statements or counter arguments (Van 
Boxtel et al. 2000). Yew and Schmidt (2009) adapted the episodic coding 
scheme to indicate constructive, self-directed and collaborative learning 
episodes. The latter included categories for ‘elaborated’ and ‘not elaborated’ 
conflict episodes. Our coding scheme was built on the ‘conflict episode’ as 
described by Van Boxtel et al. (2000) and by Yew and Schmidt (2009). We 
developed the scheme further by adding a category for the types of knowledge 
that students handle in a conflict (Anderson et al. 2001) and a category for 
competitive conflict according to Johnson and Johnson (2009). 
In Study III the units of analysis were a conflict episode, as defined above, 
and a tutor intervention episode. Tutor intervention episodes were defined as a 
 series of interactions dealing with one topic during which the tutor intervened in 
the discussion. An episode began when the students started dealing with a topic 
during which the tutor intervened in the discussion. The episode ended when the 
topic changed. During a tutor intervention episode, the tutors intervened once or 
many times. A single intervention consisted of utterances that performed one 
communicative function (cf. Van Boxtel et al. 2000). An utterance may hence be 
just one word or a longer phrase. If the tutor intervened during the conflict 
episode, then the episode was categorised as both a conflict and an intervention 
episode. 
In Study IV the analysis was conducted in two phases. In the first phase the 
mean scores for students’ answers to the first questionnaire were calculated. In 
the second phase the answers to the second questionnaire were analysed using 
qualitative content analysis. The aim was to interpret the content of the data 
without using preconceived categories (see Hsieh and Shannon 2005). The 
content analysis started with the first author reading through all the students’ 
answers several times to obtain a sense of the whole (see Tesch 2013). The first 
author then read the answers in detail and highlighted keywords and key 
concepts to identify the themes or patterns of critical thinking emerging from the 
data. As distinct themes and patterns of critical thinking began to emerge, 
tentative categories were created. The categories were then tested by matching 
each student’s answers to the categories. The categories were revised and their 
abstraction level increased accordingly until each student’s answers could be 
matched to the categories (Lincoln and Guba 1985; Creswell 2007). After all of 
the authors had discussed and approved the categories, the first author coded all 
the answers using the categories. Of the 72 answers, three could not be coded, as 
they were very short and ambiguous. The consistency of the coding was 
rechecked by putting the data aside and coding the material again after two 
months (see Zhang and Wildemuth 2009). The number of occurrences of each 
category was counted to provide an overall picture of the students’ answers 
(Silverman 2011). The answers to the second questionnaire were used as a means 
of understanding the students’ answers concerning the development of critical 
thinking in PBL in the first questionnaire. 
  
  
  
  
 
  
 Study I focused on how teamwork skills could be taught to first-year medical 
students and how to motivate the students to learn these skills. Three 
consecutive classes of first-year medical students (N = 342) participated in a 
two-hour session consisting of short lectures and interactive exercises intended 
to develop teamwork skills. The students were asked to give feedback on the 
Teamwork Skills Module (TSM) after each year’s sessions. 
The results showed that the medical students found TSM in the second (M = 
3.07, SD = 1.02) and third (M = 2.99, SD = 1.07) years significantly more useful 
than in the first year (M = 2.46, SD = 1.27). The difference was significant 
between the first and second years (t (173) = 3.52, p = 0.001) and between the 
first and third years (t (169) = 2.96, p = 0.004), but non-significant between the 
second and third year. The difference was also shown in the students’ open 
feedback, which was mostly negative after the first year, including such 
comments as, ‘TSM should be developed so that it would be more interesting.’ 
After the second and third years, the students commented on the module more 
positively; for example, ‘In TSM I concretely realised the areas of communication 
that I need to improve.’  
The Teamwork Skills Module concentrated on developing active listening, 
identifying key points, asking questions and handling conflicts about knowledge 
that would be important in enhancing learning in PBL while also developing 
skills that could prevent medical errors in clinical practice. However, this 
connection may not be evident to first-year students. Therefore, clearly pointing 
out the clinical relevance presumably motivated students to learn teamwork 
skills, as it helped them appreciate the utility value of those skills (Simons et al. 
2004). The possibility of preventing medical errors in the future could be 
expected to be crucial to medical students’ motivation, even in the early stage of 
their studies (Lam et al. 2000). These aspects of the revised TSM introduction 
most likely explain the significant increase in the perceived usefulness of the 
Teamwork Skills Module. The findings underline that, when introducing 
multidisciplinary subjects to medical students, it is important to analyse the 
clinical relevance of the topic and point it out in a way that helps the students 
understand why the topic is important and how they can make use of it.  
It is thus important to pay attention to how the utility value of a topic is 
pointed out and to elucidate the similarities between present and future tasks. 
The utility value of a learning task in the present is higher when it is seen as 
requiring the same skills that professional tasks will demand in the future. 
 Study II examined how students deal with conflicts on knowledge in PBL tutorial 
groups. Four reporting-phase tutorial sessions involving a total of three tutors 
and 33 first-year medical and dental students were video-recorded. The aim was 
to gain understanding of different types of conflicts on knowledge in tutorial 
discussions and how the conflicts were resolved. A conflict on knowledge was 
defined as a situation in tutorial discussions in which students bring up 
conflicting knowledge presented in the study materials (e.g. books, lectures, 
internet sites) or their own conflicting interpretations and understandings of 
such knowledge. 
We created a coding scheme (see Figure 3) for analysing verbal interactions 
during different types of conflicts on knowledge in tutorial groups. The conflicts 
were examined at an episodic level in which a conflict episode was defined as a 
series of interactions in which students deal with conflicts on knowledge. By 
analysing verbatim transcripts of the conflict episodes, we aimed to find out 
whether the conflict episodes were about factual or conceptual knowledge and 
how the students elaborated on the knowledge. In terms of promoting high-
quality learning in PBL, students would benefit from bringing up relevant 
discrepancies in each other’s conceptual thinking and collaboratively elaborating 
on and integrating conflicting ideas to arrive at a deeper understanding of a topic 
(De Grave et al. 1996; Dolmans and Schmidt 2006). 
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 Study III continued the examination of conflicts on knowledge in tutorial groups. 
Its aim was to examine how tutors actually intervened during tutorial 
discussions, and particularly how the interventions helped students to 
collaboratively resolve conflicts on knowledge. The data consisted of the same 
video-recorded tutorial sessions as in Study II. The sessions were facilitated by 
three tutors, one of whom guided two of the sessions. The focus was on the 
verbal expressions the tutors used when they intervened in the discussions. 
Tutor interventions have a crucial role in encouraging students to elaborate on 
the knowledge and on their understandings of the topic (Norman and Schmidt 
1992).  
Conflicts on knowledge and tutor interventions were examined at an episodic 
level. The conflict episodes were the same as in Study II. A tutor intervention 
episode was defined as a series of interactions dealing with one topic during 
which the tutor intervened in the discussion. By using qualitative interaction 
analysis, we examined how the tutor interventions encouraged students to 
elaborate on conflicting ideas, and how the interventions differed between 
conflict and non-conflict situations. We also examined how the tutors intervened 
during conflicts about factual or conceptual knowledge. 
Altogether, there were 92 tutor intervention episodes and 43 conflict episodes 
in the tutorial discussions. The tutors intervened during 24 of the conflict 
episodes, and they resolved 13 of these episodes. The conflicts resolved by the 
tutors were more often about factual knowledge than conceptual knowledge. 
Generally, the tutors intervened in the discussions by confirming what the 
students had said or by giving explanations (see Figure 4). The tutors rarely 
asked questions that would stimulate elaboration on knowledge. During non-
conflict episodes 24% of the interventions were explanations, whereas the 
proportion of tutor explanations increased to 45% during conflict episodes. 
During conflicts on knowledge the number of questions asked by the tutors 
decreased slightly from 8% to 6% of the interventions. When the tutors did ask 
questions, they usually did not allow the students to elaborate on the issues in a 
self-directed or collaborative manner (see the example below). On the whole, the 
tutors did little to encourage the students to resolve conflicts on knowledge 
collaboratively.  
 Example: Tutor focuses and stimulates the discussion by asking questions, but 
does not leave room for elaboration.  
Student 5: So, did I understand correctly, that if diffuse lymphoid tissues were 
like places for plasma cells and eosinophils, like mainly, and then nodules were 
of lymphocytes (1.0) but, how then, if there are like lymphoid tissues, why would 
the plasma cells and eosinophils be emphasised?  
Student 6: Well, maybe it is, or of course there are also those lympho[cytes]=  
Student 5:                                                   [Mm.] 
Student 6: = but if it’s told only as extra information, that there are also those. 
Tutor: Well no, there are mostly (2.0) plasma cells (3.0). So why would it be so? 
Why, for example are there plasma cells under the intestinal mucous 
membrane? (1.5) Why would it have to secrete it there?  
Student 5: Because there are those antigens, because, isn’t IgA particularly in 
the intestines? 
 Tutor: Yes, IgA is secreted through (2.0) um intestinal epithelium. (3.0) Why? 
The question relating to that is now why there are a lot of plasma cells around 
mammary gland tissue (1.5) at a certain stage?  
Student 5: Milk production. 
Tutor: Yes, because IgA is required in milk, and thus plasma cells gather there, 
so the presence of plasma cells in the mammary gland does not mean 
inflammation, but only that it secretes IgA, and then (1.0) mammary gland cell 
secretes it onwards. 
The findings suggest that tutor training should focus on promoting tutors’ 
understanding about when to provide direct explanations and when and how to 
encourage students to elaborate on conflicting ideas collaboratively. In particular 
the tutors’ skills to ask thought-provoking questions called for improvement. 
Such questions would be crucial in helping students identify possible 
misconceptions and discrepancies in their thinking and in their learning to 
elaborate more thoroughly on the knowledge they are expected to master.  
Studies II and III showed that thorough elaboration on conflicting ideas and 
argumentation should be improved in tutorial discussions. These activities could 
be enhanced by focusing on the students’ skills to elicit alternative perspectives, 
probe assumptions, evaluate arguments and ask questions. Such skills are often 
referred to as important elements of critical thinking. Study IV was thus aimed at 
examining students’ conceptions of the role of critical thinking in preclinical 
PBL. 
Study IV focused on medical students’ conceptions of critical thinking in 
preclinical PBL. The study was conducted in two phases, using two electronic 
questionnaires. In the first phase first-year medical students’ perceptions of how 
well PBL had developed their critical thinking were examined. The second phase, 
which was the main focus of the study, took place when the same students had 
finished the preclinical phase of the medical curriculum. The aim was to find out 
how the students in the third year defined critical thinking, how they perceived it 
as manifested in PBL, and how they described its meaning in clinical practice. 
Learning to think critically is an essential objective in medical education, but 
there is a lack of conceptual clarity about what it means (Krupat et al. 2011; 
Kahlke and White 2013). Therefore, it is important to examine how critical 
thinking is understood and how it could be developed in different phases of the 
medical curriculum. 
 The results from the study’s first phase showed that the students (n = 67) 
perceived that their critical thinking was only modestly developed in PBL. On a 
five-point Likert scale (1 disagree completely - 5 agree completely), the mean of 
the students’ responses to the statement “PBL has helped me learn critical 
thinking” was 3.49 (SD 1.02). In the study’s second phase the students’ (n = 24) 
responses to the second questionnaire were analysed using qualitative content 
analysis. The aim was to gain a deeper understanding of students’ conceptions of 
critical thinking and their experiences of how critical thinking was manifested 
and developed in preclinical PBL. A further goal was to examine students’ 
expectations of the meaning of critical thinking in clinical practice. 
The analysis of the students’ responses to the second qualitative 
questionnaire revealed three distinct categories (see Figure 5). The categories 
involved 1) who is thinking critically, 2) what is the subject of critical thinking 
and 3) how critical thinking is carried out. Each category included two 
subcategories. The categories show that almost every student perceived critical 
thinking as judging external sources of information. Only a few students 
perceived critical thinking as reflecting on one’s own thinking and as viewing 
things from different perspectives. Critical thinking was also mostly seen as an 
individual effort. Only in the answers concerning the manifestations of critical 
thinking in PBL did the students often mention critical thinking as being 
collaborative. 
 
 An example of students pointing out that critical thinking in PBL is a 
collaborative effort is the following: ‘Critical thinking is fostered by the 
perspectives and opinions of many people.’ However, many students also said 
that critical thinking is not an important goal in PBL: ‘Critical thinking was not 
the primary aim of the PBL tutorials, in which topics discussed were based on 
the knowledge in books that was not subject to critical thinking.’ Moreover, the 
students also suggested that if they were to think critically in PBL, then the focus 
would be on external information sources: ‘The course book was an absolute 
authority, which presented facts as fact, like so-called real knowledge.’  
The students’ conceptions of critical thinking reflected a common approach in 
medicine, where critical thinking is often understood mainly as evaluating 
medical research evidence (Gupta and Upshur 2012). Such a conception 
probably resulted from the EBM course the students had attended before the 
study was carried out. The students who had such a conception believed that in 
preclinical PBL, they lacked the expertise to think critically about the 
information they were learning. The elements of critical thinking that emphasise 
reflecting on each other’s thinking processes and exploring alternative ways of 
thinking and acting were rare in the students’ answers. This was surprising as 
these elements are vital for both high-quality learning in PBL (Maudsley and 
Strivens 2000a; Hmelo-Silver 2004) and high-quality clinical care (Harasym et 
al. 2008; Gupta and Upshur 2012).  
The present findings suggest that the students’ conception of critical thinking 
may prevent them from seeing the connection between critical thinking in 
preclinical PBL and critical thinking in clinical practice. Evaluating the reliability 
of medical knowledge is vital in clinical reasoning, but the students in preclinical 
PBL had a limited ability to do that. Therefore, in the early stages of medical 
education, instead of focusing only on learning to evaluate the reliability of 
medical knowledge, students should also be encouraged to learn critical 
thinking, which concentrates on collaboratively reflecting on each other’s 
thinking processes and exploring alternative ways of thinking and acting. 
In the following chapters, the main findings and the implications of this 
doctoral thesis will be discussed. 
 The aim of the present doctoral thesis was to gain understanding of how 
students learn from conflicting knowledge and ideas in the context of PBL and 
how they are facilitated to do that. The focus was on the processes by which 
conflicts on knowledge are collaboratively resolved in PBL tutorial discussions. 
In addition, the aim was to determine how to develop generic skills, such as 
teamwork and critical thinking, in the context of preclinical PBL. The following 
sections discuss the three main findings of the individual studies. 
An essential aspect in each of the four studies was dealing with conflicting ideas 
in tutorial discussions. Study I showed that medical students can be motivated to 
learn teamwork skills, which include handling conflicting ideas in discussions, by 
pointing out how they may benefit from those skills in their future profession. 
However, the results of Study II showed that conflicts on knowledge were still 
relatively rare in tutorial discussions. Study III in turn showed that the tutors did 
little to encourage the students to deal with conflicting ideas in their discussions. 
In Study IV only a few students believed that critically reflecting on their 
assumptions and viewing ideas from different perspectives were important 
elements of critical thinking in PBL. Such elements, however, would be crucial 
for learning from conflicting ideas in tutorial discussions. 
The most concrete reason for the rarity and brevity of conflicts on knowledge 
was that even when conflicts were elicited, thorough elaboration on them and 
argumentation were lacking as were inquiries that would stimulate discussion on 
conflicting ideas. The rarity of conflicts on knowledge may also result from 
students not realising that they hold differing ideas or avoiding bringing up 
differences. Detecting contradictory ideas would call for reflecting on what 
others say, how it is related to the topic under discussion and how one 
understands what is being said. Still, when diverse ideas and opinions are 
perceived, they are not necessarily taken up in the discussion and may simply be 
ignored (De Dreu and Weingart 2003; Van den Bossche et al. 2006).  
The data for the present doctoral thesis provide limited information for 
drawing direct conclusions about why conflicts on knowledge were so rarely 
elicited. In previous studies the low number of conflict episodes in tutorial 
discussions has been explained by the students having a need to reach consensus 
quickly on core information (Visschers-Pleijers et al. 2006), which could be due 
to the time constraints inherent in PBL (Yew and Schmidt 2009). Other possible 
 explanations could be related to students’ conceptions of the nature of the 
knowledge under study. Biomedical knowledge learned in PBL is usually less 
dependent on situation and context than is more practical clinical knowledge. 
Learning biomedical knowledge may thus encourage students to search for 
correct answers instead of reflecting on different ways to interpret, understand 
and apply knowledge. In search of correct answers, students may not see the 
point in collaboratively and critically exploring the differences in their 
conceptual understandings of a topic.  
Another explanation may be related to students’ difficulties in realising 
differences in one another’s thinking. Given that students usually have different 
interpretations and understandings, even of unambiguous concepts (see 
Roschelle 1992), more conflicts on knowledge might have been expected to 
occur. The low number of conflict episodes may also indicate that students 
avoided bringing up contradictory ideas. Avoidance may result, for example, 
from the negative emotions evoked by conflicts on knowledge. This possibility 
underlines the importance of emotional regulation in small-group learning 
situations (Järvenoja and Järvelä 2009). Prior studies have shown that conflicts 
on knowledge can easily lead to competition among students, which often leads 
to an avoidance of expressing conflicting ideas (Darnon et al. 2007; Johnson and 
Johnson 2009). In the present thesis, however, competition between students 
was rarely evident.  
Several studies on tutoring have shown that tutor performance is crucial for 
helping students overcome difficulties in PBL (e.g. Dolmans and Wolfhagen 
2005; Hmelo-Silver and Barrows 2006; Van Berkel and Dolmans 2006; Chng et 
al. 2011). However, few of these studies have focused on tutor interventions 
during conflicts on knowledge. The role of a tutor is vital in encouraging students 
to bring out and deal with conflicting ideas in discussions. In this thesis the 
brevity of conflicts on knowledge was also a result of tutors often resolving the 
issues themselves rather than encouraging the students to resolve the issues. 
This finding is in line with the few studies on the topic. Gukas et al. (2010) found 
that tutors were prone to intervene in discussions whenever students were 
dealing with conflicting knowledge. The results of this doctoral thesis add to the 
findings by Gukas et al. (2010) by showing that, while tutors are more prone to 
intervene, they also seem to have a tendency to resolve the conflicts by giving 
explanations and confirming what the students have said. Such findings are not 
in line with the theoretical understanding of a facilitator’s role as a ‘guide on the 
side’ (see King 1993). However, tutors do not always expect students to challenge 
each other critically, perceiving that to be the tutor’s responsibility (Gilkison 
2003). Furthermore, there are several situations in which direct explanations are 
needed to help students advance in the learning process, for example, when a 
conflict is about an irrelevant issue or beyond the learning goal. In fact, in Study 
 III many of the tutor’s explanations seemed to be given during just such 
situations. Moreover, the explanations appeared to be very illustrative and of 
high quality, and the students seemed to appreciate them. Still, if tutors mainly 
intervene during conflicts on knowledge by giving explanations and 
confirmations, then students will not have the chance to try and resolve the 
issues on their own. 
The tutors in the present study were medical doctors and content experts. A 
tutor with a high level of content expertise is likelier to adopt a directive role in 
tutorial discussions than one with less expertise (Silver and Wilkerson 1991; 
Kaufman and Holmes 1998; Dolmans et al. 2002; Gilkison 2003). On the other 
hand, this finding may also be related to role expectations or deficiencies in 
facilitation skills. In the role of a physician, one is expected to solve problems 
and give answers. However, when learning is viewed from the perspective of self-
directed, constructive and collaborative principles, the role of a teacher cannot 
be that of an information provider (a sage on the stage), but that of a facilitator 
of the learning process (a guide on the side). The latter requires a different set of 
skills than the former. Medical teachers need to be aware of their double role and 
avoid giving expert answers. However, no prior study has shown that during 
conflicts on knowledge, tutors may have a tendency to resolve the conflicts by 
giving explanations rather than by helping the students resolve the 
disagreements themselves. It needs to be pointed out that in the four studies that 
make up this thesis, there were several aspects of facilitation that were not 
addressed. Therefore, conclusions about the tutors’ overall facilitation skills 
cannot be drawn here. 
All in all, the tutor performance probably largely explains how the students 
dealt with conflicts on knowledge. Because such situations are difficult for 
students, they would need more support than otherwise. However, giving 
support by providing answers and explanations is not the optimal way to 
encourage the self-directed, collaborative and constructive principles of PBL. If 
students do not have chances to work out solutions on their own and thus 
reorganise their knowledge structures, then opportunities for deep learning and 
conceptual change are compromised.  
A central finding of the present doctoral thesis was that during conflicts on 
knowledge both students and tutors asked few questions that would stimulate 
elaboration and argumentation on conflicting ideas. Therefore, conflicts on 
knowledge did not lead to thorough discussion of the topic. Such a finding 
indicates an important aspect of discussions that calls for improvement. By 
asking questions that elicit other students’ ideas and perspectives on a topic, the 
 participants would become aware of the differences and similarities in each 
other’s thinking. Moreover, questions that elicit higher order thinking would 
bring up new ideas and explanations and deepen the discussion. The use of 
questions would also help advance the understanding of one another’s ideas and 
thinking processes, and the integration of these into a shared and coherent 
understanding of a topic. In addition, challenging each other’s ideas and 
perspectives with questions might better encourage exploration of differing ideas 
than merely posing counter arguments.  
The lack of inquiry during conflicts on knowledge may be explained by the 
fact that asking open questions, which elicit higher-order thinking, is more 
difficult to do than asking closed questions, which require only the recall of 
information (Chin and Brown 2002). The lack of questions may also indicate a 
lack of curiosity to delve deeper into a topic and into one another’s thinking 
processes. The lack may also be explained by the time constraints inherent in 
PBL, which directs students to reach consensus about core information quickly 
(Visschers-Pleijers et al. 2006; Yew and Schmidt 2009). However, the lack of 
questions may also be related to the tentative finding in Study IV, which 
indicates that students do not perceive viewing each other’s ideas from multiple 
perspectives and reflecting on each other’s thinking processes as being very 
important in preclinical PBL. Moreover, lack of curiosity about the thinking 
processes of others may result either from students’ individualistic orientation to 
discussion or from the fact that understanding another person’s thinking 
processes is cognitively demanding (Mason and Macrae 2008). Questions, 
however, would help in understanding how others in the group comprehend an 
issue (Tjosvold 2008). The finding about inquiry during conflicts on knowledge 
is in line with previous research, which shows that students rarely ask questions 
eliciting higher-order thinking if they are not assisted in doing so (King 1992; 
Graesser and Person 1994; Chin and Brown 2002; Chin and Osborne 2008). 
However, Graesser and Person (1994) found that during conflict episodes, 
students did ask more questions than usual; nevertheless, the vast majority of 
the questions would only induce lower-order thinking, such as remembering 
facts.  
The role of a facilitator is vital in helping students ask better questions (see 
Chin and Osborne 2008). As the tutors rarely asked questions that would 
encourage dealing with diverse ideas, the tutors did not model the kinds of 
questions that students were expected to ask each other. The results of the 
present research support previous findings by showing that if tutors do not ask 
questions, then students are less likely to do that either (Graesser and Person 
1994; Chin and Osborne 2008). The findings concerning the tutors differed from 
prior research as the tutors generally asked fewer questions than has been 
reported (Silver and Wilkerson 1991; Gilkison 2003). However, prior research 
 has shown that inexperienced tutors have difficulty formulating challenging 
questions (Poikela 2005). Still, previous research does not point out whether 
there are differences in tutor interventions during conflict episodes and non-
conflict episodes.  
The results of the present doctoral thesis suggest that asking questions may 
be difficult for both students and tutors. The ability to ask meaningful questions, 
however, is a vital element in all collaborative knowledge construction and in 
dealing with conflicts on knowledge, critical thinking and facilitating tutorial 
discussions (e.g. Browne and Keeley 2007; Chin and Osborne 2008; Hmelo-
Silver and Barrows 2008). Therefore, our research suggests investing in 
developing the ability of students and tutors to ask questions. The thesis findings 
also raise concern about whether the potential inherent in conflicts on 
knowledge for improving deep learning and developing generic skills such as 
teamwork and critical thinking is utilised.  
Studies I and IV focused on teamwork skills and critical thinking, which are vital 
generic skills both in learning in PBL and in clinical practice. The results suggest 
that the connection between teamwork skills in PBL and in clinical practice was 
not clear to the students. In addition, the connection between critical thinking in 
PBL and in clinical practice was not clear to the students. Seeing the connection 
between the generic skills in learning situations and future work may be difficult, 
especially in the early stages of medical studies. Therefore, it is important that 
teachers point out how the activity in the learning situations is connected with 
the future medical work. Otherwise, students may be less motivated to put effort 
into learning those skills. Study I pointed out that the clinical relevance of 
teamwork skills motivated medical students to learn such skills. The results of 
Study IV suggested a need to underline how students might benefit in clinical 
practice from the critical thinking learned in PBL. 
The findings of Study I are compatible with earlier findings highlighting the 
importance of clinical relevance for medical students’ motivation (Rudland and 
Rennie 2003). As for the results of Study IV, to my knowledge, no prior studies 
have examined students’ conceptions of critical thinking in PBL in medical 
education. However, several studies in the field of nursing education refer to the 
possibility of developing critical thinking in PBL (e.g. Tiwari et al. 2006; Yuan et 
al. 2008; Kong et al. 2014). Because students in preclinical PBL are at the point 
of acquiring medical knowledge, the potential of PBL to develop the critical 
thinking needed in clinical practice is limited (see Norman 2002). However, in 
preclinical PBL students may learn several critical thinking skills that are 
 important in clinical practice, for example, viewing diverse ideas from multiple 
perspectives and reflecting on each other’s thinking processes. Still, only a few 
students in Study IV connected such elements of critical thinking with PBL. 
Moreover, several students perceived that critical thinking is a collaborative 
effort in PBL, but far fewer saw critical thinking as a collaborative effort in 
clinical practice. 
Understanding critical thinking as a collaborative effort wherein each 
person’s ideas and assumptions are explored and challenged links critical 
thinking to teamwork skills. Conflicts on knowledge in tutorial discussions 
provide an opportunity to practice such elements of teamwork and critical 
thinking in PBL. Still, these skills were rarely shown in the way conflicts on 
knowledge were dealt with in our studies. Therefore, it is of utmost importance 
to clarify for students how resolving conflicts on knowledge in preclinical PBL 
could develop their competence as future medical professionals. A central claim 
in the present thesis is that if students appreciate how learning from conflicting 
ideas in tutorial discussions develops the generic skills they will need in clinical 
practice, then their learning as well as their skills to work in healthcare teams 
could be enhanced in preclinical PBL.  
To summarise, the results of the present doctoral thesis add to our knowledge 
by showing that there are elements in the theories on collaborative knowledge 
construction which in practice may be difficult for both students and tutors. 
These elements pertain to eliciting conflicting ideas during discussions and 
engaging in thorough elaboration and argumentation on those ideas. The use of 
questions that elicit elaboration and argumentation was particularly in need of 
improvement. Although the thesis has focused on tutorial discussions in 
preclinical PBL, the findings are likely to be relevant in other small-group 
learning situations as well. This is important, because practical implementations 
of PBL vary, and practices in implementing PBL are constantly evolving (e.g. 
Dolmans et al. 2014). Interactive small-group learning methods will also be 
central to medical education in the future. Students’ and teachers’ ability to 
engage in interactions that foster active and collaborative knowledge 
construction will continue to be a key to effective learning. In addition, seeing 
the connection between the current context of learning and students’ future work 
will probably always motivate students, whatever the learning method. Finally, 
in any learning method in which students interact with one another, conflicts on 
knowledge will be central to stimulating deep learning of the subject matter, as 
well as learning generic skills such as teamwork and critical thinking. However, 
that depends on how well students and teachers make use of the conflicts on 
knowledge during discussions. In the following section, the methodological 
limitations of the thesis are discussed. 
 In the present doctoral thesis, the methodological design was a qualitative 
dominant mixed methods research (Burke Johnson et al. 2007). A central 
research method was the observation of PBL tutorial discussions. The 
discussions were analysed with a qualitative interaction analysis that was 
designed based on prior research (see Van Boxtel et al. 2000; Yew and Schmidt 
2009). In addition to observation, student feedback and questionnaires 
including open-ended questions were used. Due to the central role of qualitative 
methods in the present work, the validity and reliability of the studies are 
assessed, where appropriate, using criteria for the trustworthiness of qualitative 
research (see Lincoln and Guba 1985; Shenton 2004; Creswell 2007).  
The present doctoral thesis includes several limitations, and the limitations of 
each individual study are taken up here. In Study I there was only one statement 
in the questionnaire about the students’ perceptions of the usefulness of the 
Teamwork Skills Module (TSM). More questions concerning the students’ 
perceptions would have increased the reliability and breadth of the 
measurement. It might, for example, have been useful to specify for what 
purpose the students thought the module would or would not be useful. 
However, the students found the second and third year’s sessions significantly 
more useful, which indicates that the revised introduction positively affected 
their perceptions. The large sample and the homogeneous groups made it 
possible to examine the effect of the revised introduction. The fact that each 
year’s cohort was divided into four groups decreases the chance that situational 
factors could have compromised reliability. The setting was highly comparable 
between the three years, as the teacher, group sizes and the time of the semester 
were the same. The classes were homogeneous in terms of gender, and all 
members of the three classes had passed a similar entrance examination for 
acceptance to medical school. Conclusions drawn from the statistical analysis 
were also supported by a qualitative content analysis of the students’ open 
feedback. Furthermore, we asked the students to give their opinion soon after 
participating in the module. A more reliable understanding of the students’ 
perceptions of the usefulness of TSM would call for a follow-up inquiry after they 
had been exposed to more situations in which teamwork skills are needed. 
Finally, the majority of the students (88.5%) did not mention TSM in their open 
feedback. Therefore, we do not know how the majority of the students would 
have commented on the sessions. 
In Study II the data consisted of only four groups and three tutors, and the 
study was conducted in a single institution using one implementation of PBL. 
Improving the credibility and transferability of the results would require 
analysing more tutorial groups in more than one institution. The conflict 
 episodes were examined based on students’ observed interactions. Therefore, we 
do not know how the students perceived the conflict episodes and conflicting 
ideas during the discussions. To investigate student perceptions would call for 
interviewing the students, perhaps with a stimulated recall method. Further, in 
addition to predefined study materials, the students used other sources of 
information, but we do not know what these were. To some extent, the variety in 
study materials may explain the amount of conflicting knowledge in the group. 
However, a detailed analysis of the conflict episodes, even if mostly based on 
differences in interpretations of the same material, can be justified on the 
grounds that conflict episodes are specifically challenging for students 
(Visschers-Pleijers et al. 2006; Yew and Schmidt 2009). Interrater reliability for 
the analyses of the video materials was not calculated. However, the 
trustworthiness of this qualitative interaction data analysis was pursued in 
debriefing sessions with another author (Lincoln 1995; Shenton 2004). In these 
sessions the video material was analysed together with the transcripts. The 
categories were reviewed using both transcripts and video material, and 
discussed until differences in interpretations were resolved between the two 
authors. Finally, the video recordings may have affected how students engaged 
in dealing with conflicts in their discussions. On the other hand, the tutorial 
sessions had been recorded once before the analysed sessions, so the students 
were probably accustomed to the presence of a video camera.  
As the same data were used in Study III, its limitations were similar to those 
of Study II. Given the small amount of data and the focus on PBL in only a single 
institution, the credibility and transferability of the results would have called for 
analysing more tutor interventions in more tutorial groups and in more contexts. 
However, as a qualitative interaction study, the aim was to describe analytically 
tutor facilitation in a given context and understand it. The results raise 
important issues about tutor facilitation, which could be re-examined in future 
studies with larger sample sizes. The sessions were recorded with a single 
camera, which excluded the possibility of accurately examining the tutors’ non-
verbal communications. Such data could have provided further evidence for 
drawing conclusions about the tutor facilitation. The analysis was also mostly 
done by a single researcher, thus increasing the chance for limitations in the 
interpretation of the data. Moreover, as in Study II, interrater reliability for the 
analyses was not calculated. However, the trustworthiness of the study was 
enhanced by the rigorous analysis of data using both transcripts and video 
material. The findings were also reviewed and discussed among the authors until 
the results were consistent. Most importantly, the credibility of the results was 
evaluated by the tutors in the faculty, and minor adjustments were made in the 
findings accordingly (Lincoln and Guba 1985). The results were further tested 
and confirmed by educational developers who provided an external check on the 
 research (Creswell 2007). Thus, several ways of enhancing the trustworthiness 
and credibility of the findings were used in the research process (Creswell 2007). 
Study IV consisted of very small sample sizes, and it involved limitations in 
the methodology. Therefore, it should be considered an opening to studying 
students’ perceptions of critical thinking in the context of problem-based 
learning. The first limitation is related to the small sample sizes, which resulted 
from low response rates to both questionnaires, especially the second one. 
However, the response rates were still higher than those typically achieved in 
electronic surveys (see Shih and Fan 2008). Despite the small sample size, the 
analysis in the second questionnaire was conducted using qualitative content 
analysis in which trustworthiness is based on rigorous step-by-step analysis of 
the data (Shenton 2004). The categories for coding the data were developed 
through an iterative process whereby the categories were gradually refined until 
they were suitable for analysing the data. The credibility of the analysis was 
enhanced by negative case analysis and by checking interpretations against raw 
data (see Lincoln and Guba 1985; Zhang and Wildemuth 2009). By developing 
distinct categories with a high abstraction level we were able to limit the number 
of categories and apply them to all the data. However, for the same reason, the 
analysis did not provide a detailed understanding of the students’ perceptions of 
critical thinking. This would have required using more detailed categories, for 
which the sample was not sufficient. A major limitation of the methodology is 
related to the attempt to link students’ conceptions of critical thinking to the first 
questionnaire on PBL. The students’ perceptions of PBL could have changed 
during the time between the questionnaires. As the questions in the first 
questionnaire were not repeated in the second questionnaire, we do not know if 
or how these perceptions might have changed. Furthermore, critical thinking is a 
conceptually complex topic. The finding that students rarely mentioned certain 
important aspects of critical thinking may be because they did not consider these 
to be elements of ‘critical thinking’, but rather aspects of other forms of higher-
order thinking, such as problem-solving or clinical reasoning. Finally, the 
students had just begun the clinical phase of their study, so their understanding 
of critical thinking in clinical practice was mostly based on their expectations, 
not their experience. Therefore, they did not necessarily appreciate how critical 
thinking learned in PBL could be useful in clinical practice. More studies are 
needed to confirm and deepen these tentative and preliminary findings.  
Although there were several attempts to improve the trustworthiness and 
credibility of the findings, the fact that the author had a major role in conducting 
and interpreting most of the analyses needs to be taken into account when 
evaluating the studies. Nevertheless, despite the several limitations in the data 
and methods used, the results could be considered to answer the research 
questions relatively well. Moreover, although the context of the study was 
 limited to preclinical PBL, the results are probably fairly transferable to different 
contexts. The transferability is due to the studies focusing mainly on the 
interaction in PBL tutorial groups. Similar interaction patterns are likely to be 
found in other small-group learning situations as well. Focusing primarily on the 
reporting phase in tutorial discussions may have also contributed to the 
transferability of the findings. In the opening phase, conflicts on knowledge are 
based on differences in students’ prior knowledge, whereas in the reporting 
phase, conflicts on knowledge are typically based on different interpretations 
and understandings of the learning material. The starting point for discussion in 
the reporting phase is thus similar to other learning methods such as team-based 
learning and flipped classroom, in which students study a topic independently 
before engaging in face-to-face learning situations (Michaelsen and Sweet 2011; 
Prober and Khan 2013). In terms of gaining understanding of collaborative 
knowledge construction and dealing with conflicts on knowledge in the entire 
PBL process, the opening phase of tutorial discussions should also be examined. 
The following section discusses how learning from conflicting ideas might be 
improved. 
Based on the findings of the present doctoral thesis, a model was developed for 
improving learning from conflicting ideas and knowledge in tutorial discussions 
(see Figure 6). The model combines several elements that are crucial for 
overcoming the challenges inherent in conflicts on knowledge. The basis of the 
model is facilitation. During conflicts on knowledge facilitation is decisive in 
whether the conflicts result in a thorough exploration of ideas or whether the 
potential for improving learning is missed. Another fundamental element in the 
basis of the model is student motivation. Dealing with conflicts on knowledge in 
tutorial discussions requires motivation to engage in those situations and to 
learn the skills needed to resolve them. Pointing out the relevance of such skills 
to students’ future professions is one effective way to motivate students to learn 
those skills. Due to their fundamental role, facilitation and motivation are 
depicted as underpinning all the other elements in the model. What then are the 
elements of learning from conflicts on knowledge that tutors need to facilitate 
and students need to develop?  
The first element at the core of the model is a conflict on knowledge. In order 
to improve learning from divergent ideas, conflicts on knowledge related to 
learning goals need to be elicited during discussions. Once such ideas are 
elicited, the focus should be on the differences in group members’ conceptual 
thinking (e.g. Van Boxtel et al. 2000). Therefore, the second element in the 
model is conceptual focus. Focusing on differences in conceptual thinking is vital 
 for bringing about conceptual change and for achieving a deep understanding of 
a topic. The differences in one another’s conceptual thinking need to be 
collaboratively elaborated. The third element is thus collaborative elaboration, 
which refers to equal and active participation in the discussion and engaging in 
discourse practices that foster collaborative knowledge construction. In addition 
to collaborative elaboration, students need to think critically about each other’s 
ideas, including their own. A central element in such critical thinking is viewing 
the topic and one another’s ideas from multiple perspectives, which means 
bringing up and reflecting on each other’s thinking processes and exploring 
alternative ways of thinking about an issue (e.g. Brookfield 2012). Such 
perspective-taking calls for understanding that any issue can be interpreted and 
understood in many ways.  
 
 
 The elements above have often been referred to as vital for collaborative 
knowledge construction (e.g. Dillenbourg 1999; Van Boxtel et al. 2000; Johnson 
and Johnson 2009). Prior studies have also shown that asking questions that 
elicit higher-order thinking and collaborative elaboration is difficult for students 
to do (e.g. Chin and Brown 2002). However, during conflicts on knowledge 
students not only elaborate on each other’s ideas and try to understand and 
integrate each other’s diverging points of view, but also seek to do so in a 
situation that is often filled with uncertainty and possible interpersonal 
emotional tension (e.g. Johnson and Johnson 1979). Therefore, the model also 
proposes the following elements, which are less often referred to in the 
literature, but may be fundamental in improving learning from conflicting ideas: 
In order for students to collaboratively explore each other’s conceptual 
understandings of the topic, they might benefit from capacities for reflection and 
mindful awareness (see Dyche and Epstein 2011). In the present model 
reflection is understood as ‘stepping back’ from an event or experience so that it 
can be interpreted and analysed with an aim to achieve greater understanding of 
the self and the situation (Sandars 2009). A related concept of mindful 
awareness or mindfulness in turn refers to paying attention to an event or 
experience on purpose in a non-judgemental way (Kabat-Zinn 1994; Bishop et al. 
2004). Without going into the fine details of the definitions of these concepts, 
reflection in the present model is understood to emphasise analysing and 
evaluating one’s experiences, whereas mindful awareness or mindfulness 
emphasises paying attention to one’s experiences in an open, non-judgemental 
manner. Both concepts emphasise paying careful attention to the thoughts, 
feelings, mental images and sensations elicited by events or experiences (Epstein 
et al. 2008; Sandars 2009). I suggest that reflection and mindful awareness 
might improve learning from conflicting ideas in the following ways. 
Heightening students’ attention to their present experiences might contribute 
to the discussion by helping them listen more carefully and being more sensitive 
to social cues in non-verbal communication. Thereby, they might gain a better 
understanding of each other’s mental processes (see Bishop et al. 2004; Epstein 
et al. 2008; Vago and Silbersweig 2012). Moreover, in doing so, they might also 
more easily recognise the underlying discrepancies in each other’s thinking that 
call for closer examination. At a collective level the ability to maintain joint 
attention is crucial for coordinated interaction during ‘solution-critical times’ 
(see Barron 2000), such as conflicts on knowledge. 
In addition, attending to discussions non-judgementally might help students 
accept differing ideas and opinions, as well as cope with the uncertainty and 
tension inherent in those situations. An open, non-judgemental approach to 
experience might also help them accept that dealing with divergent ideas is 
challenging. Moreover, mindful awareness of one’s cognitive and emotional 
 responses to situations could help students become conscious of their automatic 
impulses without reacting to them immediately (e.g. Siegel 2009). Being able to 
acknowledge impulses without having to react immediately might, for example, 
help students overcome their urge to compete with each other during conflicts 
on knowledge, and also to overcome a tendency to avoid dealing with conflicting 
ideas altogether. Recent research has, indeed, shown that capacity for 
mindfulness is connected to increased tolerance for unpleasant experiences and 
reduced experiential avoidance (e.g. Carlin and Ahrens 2014). During conflicts 
on knowledge, low experiential avoidance would mean not avoiding such 
situations, but instead dealing with the issues, regardless of the challenges 
inherent in such situations. Recent studies have also attributed several 
improvements in interpersonal interaction to a capacity for mindfulness (e.g. 
Dekeyser et al. 2008; Vago and Silbersweig 2012; Haas and Langer 2014), 
although the specific mechanisms are not yet thoroughly understood (see Haas 
and Langer 2014). Mindfulness training has long been used for stress reduction 
in medical education (e.g. Shapiro et al. 1998), but to my knowledge, rarely with 
the explicit intention of enhancing collaborative knowledge construction. 
Dyche and Epstein (2011) have suggested that a capacity for reflection and 
mindfulness is an essential bridge between higher cognitive skills, such as 
problem solving, critical thinking and self-assessment, and a disposition to be 
curious and inquisitive. Therefore, reflection and mindful awareness are placed 
in the model before the final elements of curiosity and inquisitiveness. These 
closely related concepts refer to a desire to learn and understand more and to a 
disposition to engage in inquiry (see Dyche and Epstein 2011). Such a disposition 
could be seen as a prerequisite for learning how to ask meaningful questions 
during discussions. Being curious and inquisitive during tutorial discussions 
would most likely greatly increase the number of conflicts on knowledge elicited 
as well as thorough argumentation and elaboration on a topic. 
In the theoretical underpinnings of PBL, curiosity and inquiry are the 
cornerstones of the learning process (Norman and Schmidt 1992; Schmidt 1993). 
The present findings, however, suggest that they may not always be 
automatically present in the practice of PBL. This finding is worrying, as 
curiosity and inquisitiveness are central to problem solving, critical thinking and 
teamwork (Dyche and Epstein 2011). A lack of inquiry during discussions may 
thus be linked to several deficiencies in the PBL process. Thus, by improving 
students’ abilities concerning the elements in the model and tutors’ skills to 
foster these abilities, learning from conflicting ideas as well as from the whole 
PBL process might both be enhanced. Investigating the mutual interactions 
between the various elements depicted in the model would likely be a fruitful 
direction for future research on collaborative knowledge construction. 
 In the constantly evolving field of medical education new technologies and 
innovations complement and modify old ones. New technologies and recent 
teaching innovations have created pressure to revitalise the practices of PBL (see 
Wood et al. 2014). They have also provided opportunities to expand PBL-like 
processes to larger groups as in team-based learning or flipped classroom (e.g. 
Prober and Khan 2013; Michaelsen and Sweet 2011) or to virtual learning 
environments accessible anywhere through mobile devices (see Davern et al. 
2014). Nevertheless, irrespective of the technology or learning method used, as 
long as students are learning together, their learning will be enhanced if they can 
collaboratively resolve conflicts on knowledge. 
The present doctoral thesis adds to our knowledge by elucidating how students 
deal with conflicts on knowledge and how they are facilitated to do that in PBL. 
The thesis also explored how students might learn teamwork skills and critical 
thinking in preclinical PBL. Owing to the complexity of such phenomena, several 
questions are left unanswered, and further studies are needed to clarify and 
confirm the findings. In order to gain further understanding of the topic, a 
number of suggestions for future research can be made. First of all, confirming 
the findings calls for replicating the studies with larger sample sizes. A large part 
of the present thesis was conducted using qualitative, observational methods. In 
order to understand how students and tutors perceive conflicts on knowledge, 
both students and tutors should be interviewed after observing them in 
discussion, perhaps with a stimulated recall method (e.g. Calderhead 1981). 
Using the stimulated recall method could reveal mental processes that cannot be 
observed directly, such as an orientation towards group work and emotional 
responses during conflicts on knowledge. It might also reveal how students and 
tutors view the meaning of conflicts on knowledge for collaborative knowledge 
construction, teamwork skills and critical thinking. Showing critical incidents 
from the video-recorded discussions might also serve as feedback for students 
and tutors and provide a chance to have an active role in improving tutorial 
discussions with an action research approach (e.g. McNiff 2006). Students could 
thereby reflect on what they need to improve in order to construct together a 
shared and coherent understanding of the topic they are studying. Tutors would 
also have a chance to reflect on how they could improve in their facilitation of 
tutorial discussions. In this thesis both students’ and tutors’ abilities to ask 
thought-provoking questions called for improvement. Assuming that future 
studies would confirm these findings, discovering ways to improve these abilities 
in practice would be needed.  
 The present findings raised questions about the mental processes that were 
inaccessible within the empirical framework of the four studies. Therefore, it 
might be useful to investigate, for example, students’ dispositional curiosity and 
inquisitiveness as well as their capacities for reflection and mindful awareness. 
Such studies could be conducted by exploring how students’ self-reported 
measures of their curiosity, for instance, are connected with how they deal with 
conflicts on knowledge in observed discussions. In addition, future studies could 
examine how teachers in different learning situations and at different stages of 
the medical curriculum facilitate students to collaboratively resolve conflicts on 
knowledge. Finally, any of the above-mentioned suggestions would be more 
useful when combined with measurement of students’ learning.  
   
 The findings of the present doctoral thesis suggest the following conclusions. 
First, dealing with conflicts on knowledge collaboratively is difficult for students, 
and facilitating students to do that is difficult for tutors. This conclusion is based 
on the finding that students bring out and deal with conflicting ideas relatively 
rarely, while tutors do little in tutorial discussions to encourage students to do 
that. Moreover, when conflicting ideas and knowledge were brought up, these 
rarely led to thorough elaboration and argumentation of an issue. From the 
perspective of collaborative knowledge construction conflicts on knowledge 
would at best deepen students’ learning by stimulating them to seek more 
information and to integrate and elaborate knowledge in new ways. Thus, the 
rarity of conflicts on knowledge in our results suggests that the potential of 
collaborative learning situations to deepen students understanding about a topic 
was not fully made use of in the situations studied here. Eliciting thorough 
argumentation and elaboration would call for an inquiry into each other’s 
thinking processes on a topic. The finding that both students and tutors asked 
few questions that would elicit thorough argumentation and elaboration during 
conflicts on knowledge leads us to the second conclusion: engaging in deep 
inquiry is difficult during knowledge conflicts. However, understanding each 
other’s thinking processes and integrating and refining diverse ideas into a 
shared and coherent understanding of a topic is not possible without inquiry. In 
terms of facilitation, asking thought-provoking questions would model for 
students the kinds of questions they could ask each other in a scientific 
reasoning process. Moreover, such a process of inquiry might also elicit more 
conflicts on knowledge to be dealt with. The rarity of conflicts on knowledge and 
the lack of elaboration, argumentation and inquiry during such conflicts raised 
concern that the practices of PBL may not always be in line with its theoretical 
underpinnings. Moreover, resolving knowledge conflicts in PBL groups might 
have a huge potential to develop students’ generic skills such as critical thinking 
and teamwork. In the absence of conflicts on knowledge being thoroughly dealt 
with, that potential may be missed.  
The third conclusion is that pointing out the clinical relevance of the generic 
skills learned in preclinical PBL motivates students to learn those skills. This 
conclusion rests on the finding that students were more motivated to learn 
teamwork skills when it was clearly stated how the students would benefit from 
those skills in their future professions. The conclusion may also be backed by the 
preliminary findings about students not seeing the connection between critical 
thinking in preclinical PBL and clinical practice, and thus not perceiving critical 
 thinking as very important in PBL. Such findings underline the importance of 
pointing out to students how their activity in a given learning situation is 
connected to their future work.  
This doctoral thesis sheds light on the processes of dealing with conflicts on 
knowledge in collaborative knowledge construction in preclinical PBL. Based on 
the findings, new ideas for improving learning from conflicting ideas in small-
group discussions were introduced. Future studies are invited to continue 
exploring the many exciting possibilities shown by the results of this thesis. 
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